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The  VELA  Seismological  Center,  upon  request  from  the  Advanced  Research 
Projects  Agency  of  the  Department  of  Defense,  participated  in  Project  MIL- 
ROW,  an  underground  nuclear  explosion  {—1000  kt)  triggered  on  2  October 
1969  at  2E06Z  on  Amchitka  Island  in  the  Aleutian  Chain.  Texas  Instruments 
Incorporated  was  selected  to  install,  operate,  and  analyze  data  from  a  net¬ 
work  of  Ocean-Bottom  Seismograph  (OBS)  units  deployed  in  waters  surrounding 
Amchitka  Island  for  approximately  a  3 -week  period.  The  objectives  of  this 
program  were  to  record  aftershock  activity  possibly  associated  with  MILROW^ 
and  to  improve  epicenter  locations  of  such  seismic  activity  which  might  occur 
in  the  recording  period  25  September  to  16  October  1969. 

An  OBS  unit- deployment  pactern  was  designed  to  supplement  the  geographic 

coverage  provided  by  a  land  network  of  seismic  instruments  established  by 

the  U.S.  Coast  and  Geodetic  Survey  on  Amchitka  and  outlying  islands.  Pre- 

1  2 

vious  signal  and  noise  measurements  in  the  vicinity  ’  using  OBS  units  sug¬ 
gested  that,  for  probable  MILROW-induced  events,  the  detection  range  would 
deteriorate  rapidly  beyond  about  50  km.  It  was  decided  that  10  OBS  units 
would  provide  the  supplementa'.  coverage  desired. 

Equipment  preparation  and  ship  selection  were  initiated  immediately  after 
receipt  of  a  firm  commitment  that  the  OBS  operation  was  to  be  conducted. 

From  15  to  31  August  1969,  14  OBS  units  and  all  associated  auxiliary  equip¬ 
ment  were  tested  and  repaired  as  required.  After  surveying  the  available 
vessels,  the  M/V  SEA  SCOPE  was  chartered  for  use  during  field  operations. 
Ship  rigging  was  performed  in  Santa  Barbara,  California,  between  29  August 
and  5  September.  A  12-1/2-ton  crane  used  for  launch  and  recovery  was  welded 
to  the  aft  deck,  and  a  "track”  system  to  facilitate  storing  and  moving  the  OBS 
units  was  installed  in  the  cargo  hold.  The  shakedown  cruise  was  conducted  off 
Santa  Barbara  from  6  to  8  September.  Six  OBS  units  were  launched  and  re¬ 
covered,  and  most  of  the  auxiliary  equipment  was  tested. 
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Initial  thinking  indicated  that  the  OBS  array  should  be  deployed  about  7  days 
before  the  scheduled  MILROW  shot  time  and  that  a  postshot  recording  period 
of  2  weeks  would  be  desirable.  An  extensive  operational  analysis  revealed 
that  some  units  in  the  array  should  be  deployed  as  late  as  practical  prior  to 
shot  time  in  order  to  provide  maximum  time  for  potential  shot  delays  and  yet 
obtain  optimum  record-time  capacity  on  all  units.  Consequently,  array  de¬ 
ployment,  illustrated  in  Figure  I-l,  began  on  25  September  1969  and  was  com¬ 
pleted  on  30  September  1969.  Recovery  operations  were  conducted  between 
16  October  and  1  November;  seven  units  were  recovered  by  sonar  recall,  and 
one  unit  was  recovered  by  backup-clock  release. 

Originally,  three  major  data-processmg  goals  were  specified: 

•  Prepare  film  seismograms  of  all  recorde  ’ 
data  and  analyze  the  seif?mograms  for  signal 
arrivals 

•  Measure  rates  of  occurrence  of  seismic  ac¬ 
tivity  during  the  recording  interval 

•  Use  the  OBS  and  USC&GS  networks  data  to 
determine  hypocenter  locations  for  associated 
events  within  a  50-km  radius  of  MILROW 

Preparation  of  the  film  seismograms  was  a  straightforward  tape-playback 
operation.  Film- record  analysis  was  performed  by  a  staff  of  film  analysts 
over  a  period  of  approximately  10  weeks.  This  phase  of  the  work  eventually 
led  to  the  preparation  of  a  list  containing  associated"^  events  of  potential 
interest. 


Associated  events  are  those  signals  which  correlate  by  time  of  arrival  at 
two  or  more  instruments  in  the  combined  OBS  and  USC&GS  networks. 
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igure  I-l.  OBS  Deployment  Pattern 
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Due  to  electronic  failure  of  several  units  in  the  array,  the  distribution  and 
duration  of  the  recorded  OBS  data  fell  short  of  expectation;  data  for  all  anal¬ 
yses  were  derived  from  units  S03,  S05,  S06,  and  SOS  only.  Therefore,  it 
was  not  feasible  to  determine  from  these  data  alone  the  rates  of  occurrence 
of  seismic  activity  which  would  be  statistically  significant  or  which  would 
materially  change  the  results  obtained  by  the  USC&GS  in  their  analysis  efforts. 
No  further  mention  of  this  original  analysis  objective  is  made  in  this  repoit. 
However,  the  raw  data,  as  described  later,  will  be  supplied  to  project  head¬ 
quarters  for  archiving  and  possible  future  use. 

The  most  significant  work  to  be  reported  here  is  the  evolution  and  final  results 
of  a  hypocenter-calculation  sequence  of  data  processing.  This  process,  chron¬ 
icled  in  this  report,  begins  with  analysis  of  the  film  seismograms  and  continues 
through  development  of  a  crustal  model  combined  with  a  hypocenter-calculation 
program  which  permits  an  iterative  solution  of  traveltime  equations  leading  to 
hypocenter  location. 

Approximately  2200  OBS  unit-hours  of  data  were  analyzed  for  seismic  activity. 
About  4500  signals  were  timed,  leading  to  over  250  associated  events  during 
the  recording  period.  Of  the  250  associated  events,  140  were  selected  for 
processing  through  the  hypocenter  program.  Events  were  selected  on  the 
basis  of  their  having  a  minimum  of  six  recorded  P  or  S  phases  and  estimated 
epicenters  within  approximat  Ay  150  km  of  MILROW. 

Results  of  the  140  hypocenter  calculations  are  summarized  as  follows: 

•  81  events  produced  a  convergent  solution 

•  9  events  were  near  convergence;  a  solution  for 
these  events  probably  could  be  obtained  by  re¬ 
laxing  the  constraint  on  the  criteria  for  solution 
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•  13  events  were  out  of  range  of  the  process  (i.  e.  , 
the  distance  was  greater  than  180  km  from  any 
one  observing  station  or  the  focal  depth  exceeded 
the  maximum  allowable  depth  of  188  km) 

•  37  events  did  not  produce  convergent  solutions  due 
to  timing  inconsistencies  in  the  signal  arrivals,  a 
condition  probably  resulting  from  poor  signal-to- 
noise  ratios  on  one  or  more  instruments  or  from 
failure  to  identify  the  arrivals  properly  (e.  g.  ,  P 
to  S  conversion  classified  as  pure  P  or  pure  S) 

Equipment  refurbishment  was  accomplished  in  Dallas,  Texas.  Each  OBS  unit 
was  thoroughly  tested  before  being  placed  in  storage.  Every  effort  was  made 

to  insure  that  all  equipment  could  be  placed  in  field  operation  with  a  minimum 
of  lead  time. 


Particular  attention  was  given  to  failure  analysis,  equipment  evaluation,  and 
recommendations  for  equipment  improvement.  As  a  result  of  this  effort,  it 
IS  felt  that  the  percentage  of  units  recovered  and  the  amount  of  data  recorded 
could  be  significantly  increased  through  a  moderate  engineering  development 
program. 
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SECTION  II 


DATA  ANALYSIS 


2.  1  GENERAL 

Analysis  of  the  Project  MILROW  OBS  data  developed  along  two  broad  fronts. 

The  first  effort  was  systematic  analysis  of  all  film  seismograms  to  oiscern 
all  phase  arrivals  at  each  unit.  Results  of  this  procedure  were  tabulated  in  a 
list  of  arrival  times  stated  relative  to  individual  unit  do: king.  This  list  of 
times  was  subsequently  corrected  to  Greenwich  Civil  Time  (GCT).  Using 
these  times  and  similar  event  times  provided  by  the  USC&GS  for  the  land  net¬ 
work,  a  list  of  associated  events  was  formed  and  computer-processed  to  pro¬ 
duce  a  working  document  called  an  earthquake  bulletin.  Throughout  the  re¬ 
mainder  of  the  analysis,  all  c /ents  which  were  subjected  to  further  processing 
came  from  this  list.  Details  of  the  procedures  just  highlighted  are  described 
later  in  this  section. 

The  second  major  effort  concerned  the  development  of  a  hypocenter- calculation 
capability.  Two  aspects  of  this  development  were  initiated  early  in  the  pro¬ 
gram:  a  computer  program  to  calculate  hypocenters  was  written  and,  coin¬ 
cidental  with  the  prog3mming  effort,  a  crustal  velocity  model  for  local  events 
occurring  in  the  vicinity  of  MILROW  was  derived.  Ultimately,  given  the  velc(- 
city  model  and  unit  arrival-time  inputs,  the  program  vas  used  to  calculate 
hypocenters  for  relevant  events.  Model  determination  is  discussed  in  sub¬ 
section  2.3;  hypocenter  calculation  is  discussed  in  subsection  2.  4. 

2.  2  FILM  SEISMOGRAM  ANALYSIS 

All  data  recorded  on  magnetic  tape  were  transcribed  on  16-mm  film  for  rec¬ 
ord  analysis.  Figure  II- I  is  an  example  showing  the  final  40  sec  of  1  min  of 
a  film  seismogram.  The  trace  grouping  is  pressure  (P),  vertical  motion  (V), 
horizontal- 1  motion  (H^,  and  horizontal-2  motion  (H2).  Tape-recorder  chan¬ 
nel  assignments  are  shown  on  the  left-hand  side. 
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Proceeding  vertically  down  the  film,  each  4-trace  grouping  increases  in  gain. 
XIO  and  XlOO  symbolically  denote  split  levels  of  recording.  XIO,  for  example, 
indicates  a  20-db  gain  over  tl  '  Xl-level  trace  grouping.  The  absolute  gain 
for  a  given  measurement  channel  is  determined  by  the  operating  gain  used  in 
the  field.  The  operating  gains  in  db  for  the  units  analyzed  are  as  follows: 


Station 

Unit 

P 

V 

Hz 

3 

21 

-18 

-24 

-24 

-24 

5 

19 

-18 

-24 

-24 

-24 

6 

27 

-24 

-30 

-30 

-30 

8 

26 

-18 

-24 

-24 

-24 

During  transcription,  there  was  no  frequency  filtering,  but  the  XIO  and  XlOO 
trace  groups  were  attenuated  6  db  and  18  db,  respectively,  to  avoid  trace¬ 
overlapping  on  film.  The  XlOO  channel  is  rarely  used  because,  except  for 
very  low-level  events  in  a  very  quiet  background,  the  trace  is  usually  over¬ 
modulated  causing  severe  distortion. 

The  lowest  trace  in  Figure  II- 1  is  the  timing  channel.  The  start  of  each  second 
is  characterized  by  the  downward  excursion  of  the  timing  channel;  10-sec  marks 
occur  at  the  downward  excursion  between  twin-peak  pulses  approximately  0.3 
sec  apart.  The  minute  mark  is  at  the  downward  excursion  of  the  first  of  two 
pulses,  the  second  of  which  is  a  twin-peak  pulse.  In  the  illustration,  20- ,  30-, 
40- ,  and  50- sec  marks  are  indicated;  the  minute  mark  is  identified  by  60  sec. 

The  timing  trace  is  coded  during  each  minute  to  give  the  day  (in  the  interval  of 
20  to  30  sec),  the  hour  (in  the  interval  of  30  to  40  sec),  the  minute  (  in  the  in¬ 
terval  of  40  to  50  sec),  and  the  unit  clock-code  identification  (in  the  interval  of 
50  to  60  sec).  The  time  code  is  a  modified  binary  arrangement  yielding  the 
desired  numuer  when  individual  pulse-position  weights  are  added.  The  weight 
is  added  only  if  the  pulse  is  positive.  In  Figure  II- 1,  the  values  are  written 
below  the  second  marks.  The  time  indicated  by  the  vr-rtical  line  in  the  illustra¬ 
tion  IS  day  4,  hour  4,  minute  33,  and  second  37.8.  From  the  table  of  unit  clock 
codes  (Table  II- 1),  the  50- ,  54-,  and  58-sec  pulses  indicate  the  unit  to  be  19. 
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Table  II- 1 


UNIT  CLOCK-CODE  ASSIGNMENTS 


Station 

Unit 

Clock 

Station  Clock  Code 

S03 

21 

21 

52,  56 

SOS 

19 

19 

50,  54,  58 

S06 

27 

27 

52,  53,  56,  57 

SOS 

26 

1 

51 

2*2.  1  DATA  QUALITY.  Of  the  10, OBS  units  deployed,  eight  were 

recovered.  Table  II -2  briefly  describes  the  data  quality  as  recorded  by  each 
unit.  An  extensive  engineering  evaluation  of  all  system  failures  is  included 
in  Section  III  of  this  report. 


Table  II -2 


DATA  DESCRIPTION 


Unit  Description 


SOI 

Not  recovered 

S02 

No  data;  power  failure 

S03 

Data  intermittently  useful.  Digital  clock  is  readable  73  percent 
of  the  time.  Recorder  amplitudes  fluctuate,  making  reference 
to  ground  motion  impossible 

S04 

Not  recovered 

SOS 

Data  quality  generally  excellent.  Background  noise  was  1  to  3  Hz 

S06 

Data  quality  good.  Periods  of  high-amplitude  background  noise 
occur.  Amplitude  on  the  vertical  component  appeared  abnormally 
low.  Background  noise  was  1  to  5  Hz 

S07 

Data  not  useful  for  event  association  due  to  digital- clock 
malfunction.  Trace  amplitudes  fluctuate,  making  reference 
to  ground  motion  impossible 

SOS 

Data  quality  good.  Periods  of  high-amplitude  background  noise 
occur.  Pressure  channel  shows  large  noise  fluctuations. 

Normal  strong  background  noise  is  1  Hz 

S09 

No  data;  recorder  malfunctioned 

SIO 

No  data;  recorder  malfunctioned 

corrections.  Timing  corrections  due  to  digital- 
clock  drift  and/or  displacement  of  the  tape-recorder  heads  were  determined. 
Head  misalignments  can  occur  when  the  recording  heads  are  skewed  with  re¬ 
spect  to  the  direction  of  tape  movement  or  when  the  two  head  banks  are  incor¬ 
rectly  spaced.  In  either  case,  the  result  is  an  apparent  time  difference  from 
-hannel  to  channel  for  an  event.  Corrections  for  head  misalignment  were  de¬ 
termined  by  using  either  the  amplifier  shutoff  pulse  or  the  daily  calibration 
pulse.  All  channels  were  referenced  to  channel  12.  It  was  assumed  that  no 
correction  was  required  between  channel  12  and  the  clock  channel  (14)  —  a 
reasonable  assumption  inasmuch  as  the  two  heads  were  physically  close  to¬ 
gether;  this  assumption  was  necessary  because  the  amplifier  shutoff  pulse  was 
not  recorded  on  channel  14. 

Figure  II-2  is  an  example  of  head  misalignment  due  to  the  recording  heads 
being  skewed;  note  the  time  differences  between  the  amplifier  shutoff  pulse 
as  recorded  on  each  channel.  In  this  example,  the  time  difference  between 

the  pulse  on  channels  2  and  13  (vertical  lines)  shows  a  relative  displacement 
of  0.  3  sec. 

Table  II- 3  lists  the  head-misalignment  corrections  for  each  unit;  the  maximum 
correction  for  any  channel  was  0.4  sec. 

At  the  time  of  prelaunch  checkout,  the  digital  clock  of  the  OBS  unit  was  reset 
and  referenced  to  GCT  by  a  time-code  generator  traceable  to  WWV.  Upon 
recovery,  the  reference  process  was  repeated.  Digital- clock  drift  for  each 
unit  was  determined  by  comparing  tho  prolaunch  and  recovery  references  to 
GCT.  Corrections  for  clock  drift  were  made  with  the  assumption  that  the 
drift  was  linear  over  the  recording  period.  Table  II-3  also  lists  the  clock 
drift  for  each  unit;  individual  clock  drifts  ranged  from  0.7  to  -1.0  sec 
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Table  II -3 


RESET  TIMES.  CLX>CK  DRIFTS,  AND  CHANNEL  CORRECTIONS 


Corrected 


Clock 


Station 

3 

5 

6 

8 


Unit 

21 

19 

27 

26 


3 

0.  30 

5 

0.  10 

6 

0.  20 

8 

0.  30 

Channel  Head-Misalignment  Corrections  (sec) 


0.  30  0.  30  0.  40  0.  30  j  0.  30  j  0.  0  !  0.  0  0.  20  0.  0  0.  35  0.  30 


10 

11 

0.30 

0.  30 

0.  05 

0.  15 

0.  10 

0.  10 

0.35 

0.  30 

EXAMPLE  LINEAR  DRIFT  CORRECTION  FOR 
STATION  5  CRANNEL  3 


Raw  ,  ime  +  <lock  Drift  Correction  +  Channel  Correction 

Dn  Yr  Hr  Min  Sec  Sec  Sec 

7  Oct  .'969  C9  21  30.0  +  -0,5  +  0.1 


Corrected  Time 
Hr  Min  Sec 
09  .1  29.6 
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ANALYSIS.  The  film  seismograms  were  examined  in  a 
3-pass  operation.  Each  film  strip  was  analyzed  on  each  pass  by  a  different 
analyst  to  achieve  quality  control  and  redundancy,  Arrival  times  were  picked 
for  ail  P  and  S  phases  discerned.  The  record-picking  process  is  somewhat 
subjective  when  determining  signal-onset  time.  Figure  II-3  illustrates  the 
difficulty  for  a  small  event  near  MILROW.  The  S  phase  is  clearly  seen  on 
the  horizontal  instruments;  however,  the  actual  onset  is  emergent,  and  its 
exact  time  is  not  clear.  The  P-arrival  identification  is  even  more  difficult 
and  shows  only  as  a  subtle  character  change  on  the  vertical-motion  and  pres¬ 
sure  traces.  Under  these  circumstances,  best  estimates  are  picked  for  the 
^  and  S  arrivals.  This  estimate  is  thought  to  be  accurate  to  0.  1  sec.  In  many 
caces.  tue  P  arrival  cannot  be  timed  at  all  because  of  poor  signal-to-noise 
ratios.  Should  a  timing  estimate  be  incorrect  by  more  than  a  few  tenths  of  a 
second,  a  satisfactory  hypocenter  calculation  using  this  arrival  time  usually 
cannot  be  obtained.  If  the  solution  failed  to  converge  or  if  traveltime  residuals 
seemed  too  high  for  a  certain  station,  the  data  were  rechecked.  If  no  timing 
error  was  apparent,  it  was  concluded  that  the  arrival  was  a  false  association 

and  should  not  be  used  in  hypocenter  calculation.  The  extent  of  data  rejection 
is  described  later. 

After  the  third  pass  at  the  film,  all  arrival  times  were  punched  on  cards. 

These  cards  were  p.-ocessed  through  a  timing-convei  sion  program  which  ap¬ 
plies  head-alignment  and  clock-drift  corrections  and,  using  the  clock  reset 
times,  converts  individual  unit  times  to  CCT  time.  An  example  of  the  resul- 
tant  computer  printout  is  shown  in  Table  II-4. 

A  total  of  2200  unit-hours  of  data  was  analyzed,  yielding  4500  P  or  S  arrivals. 
Table  II-5  shows  the  number  of  arrivals  from  each  unit  analyzed  and  the  inter¬ 
vals  over  which  iihe  units  were  operative.  The  total  computer  output,  of  which 
Table  11-4  is  an  example,  and  its  associated  card  deck  have  been  supplied 
separately  to  project  headquarters  for  archiving. 
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TIME-CORRECTED  RAW  DATA 
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Table  II- 5 
UNIT  SUMMARY 


Station 

On -Bottom  Interval 

No.  of  P  and  S 
Arrivals  Picked 

3 

9/30  0700Z  -  10/17  0240Z 

200 

5 

9/27  0710Z  -  10/17  1230Z 

2055 

6 

9/26  OllOZ  -  10/18  2135Z 

1320 

7 

9/25  2255Z  —  10/19  0015Z 

8 

9/26  0600Z  -  10/16  1850Z 

915 

When  the  master  list  relating  each  unit's  corrected  arrival  times  to  GCT  time 
had  been  compiled,  all  data  were  ordered  chronologically  by  prime  arrival. 
Then,  the  OBS  network  data  and  USCfcGS  land  network  data  were  correlated 
(time-associated).  Isolated  phases  were  discarded  at  this  point.  Since  pre¬ 
liminary  hypocenters  h..d  been  determined  by  USC&GS,  origin  times  and  hypo- 
center  coordinates  from  the  USC&GS  list  were  used  for  the  associated  OBS 
data  which  were  processed  into  a  preliminary  bulletin.  An  example  page  from 
the  bulletin  is  shown  in  Table  II-6.  A  detailed  description  of  the  preliminary 
bulletin  is  found  in  Appendix  A.  The  bulletin  itself  contains  approximately  250 
associated  events  and  has  been  furnished  under  separate  cover.  This  bulletin 

formed  the  data  base  for  hypocenter-location  refinement  discussed  in  sub- 
section  2.4. 


^  MODEL  DETERMINATION 

A  good  model  of  the  velocity  structure  of  the  local  crust  is  essentiai  to  accu¬ 
rate  hypocenter  calculations  using  the  OBS  and  USC&GS  seismic  network  data. 
Once  this  velocity  structure  is  defined,  traveltime  tables  for  P  and  S  waves  as 
a  function  of  distance  and  focal  depth  can  be  calculated  for  input  to  the  hypo- 
center-calculation  computer  program. 
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Table  II -6 


SAMPLE  PAGE  FROM  PRELIMINARY  BULLETIN 


DAY 

STA 

PHASE 

C 

TIME 

AMP 

PEK  DIST 

AZI 

26  SEPT 

02  18 

07.5 

50.96N 

178. 20W 

H  = 

0  KM 

26  SEPT 

S6 

EP 

L 

2  18  40.8 

1.88 

297 

ES 

X 

19  4.4 

1.88 

297 

26 

SEPT 

11  25 

17.6 

60.12N  152. 99W 

H  = 

97  KM 

26 

SEPT 

S8 

EP 

P  11  29  18.0 

17.63 

252 

26 

SEPT 

S6 

EP 

Z  11  29  19.6 

161.0 

0.4 

17.59 

254 

26 

SEPT 

19  36  00.5 

51.49N 

178. 

54E 

H  *  25  KM 

26 

SEPT 

S8  EP 

P 

19  36 

4.9 

0.67 

100 

ES 

X 

13.8 

0.67 

100 

26 

SEPT 

S6  EP 

P 

19  36 

16.8 

0.46 

49 

ES 

X 

29.3 

0.46 

49 

26 

SEPT 

20 

49  06.0 

52.91N 

166. 

.99W 

H  =  32  KM 

26 

SEPT 

S6 

EP 

P  20 

51 

10.0 

8.59 

268 

E 

X 

17.9 

8.59 

268 

E 

X 

25.2 

8.59 

268 

27 

SEPT 

01 

42  51.6 

50.86N 

179. 24W 

H  = 

25  KM 

27 

SEPT 

S8 

♦  IP 

Z 

1  43  8.6 

92.4  0.1  0.90 

305 

ES 

X 

21.3 

0.90 

305 

27 

SEPT 

S6 

EP 

1 

1  43  15.7 

1.40 

31? 

E 

P 

16.8 

1.40 

313 

E(S»' 

X 

36.4 

1.40 

313 
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Data  available  for  inclusion  in  this  analysis  consisted  of  the  following: 

•  Measured  traveltimes  from  the  MILROW  event 
re<_orded  at  OBS  and  local  land  stations 

•  Measured  traveltime  data  in  the  vicinity  of 
Amchitka  from  5-ton  explosions  recorded  at 
OBS  and  land  stations  during  the  1967  OBS 
Aleutian  Islands  Experiment 

•  An  interval  velocity  log  from  the  LONGSHOT 
boi  ehole 

Station  information  ij  listed  in  Table  II-7 ,  and  explosion  information  is  listed 
in  Table  II-8. 

Data  in  the  distance  range  of  0  to  180  km  were  used  to  derive  the  crustal  re¬ 
fractors  (velocities  and  depths).  Data  in  the  distance  range  of  185  to  550  km 
are  included  in  the  tables  and  traveltime  plots  for  the  purpose  of  discussion 
only  and  were  not  used  in  the  model  calculations  for  the  following  reasons: 

•  The  model  derived  was  for  application  in  the 
immediate  vicinity  of  Amchitka  (about  50-km 
radius),  and  crustal  information  derived  from 
traveltimes  to  USC&GS  stations  ADA,  SMY, 
and  ATK  is  representative  of  the  average 
structure  at  these  station  sites 

•  Accurate  Moho  depth  and  velocity  across 
Amchitka  was  previously  determined  using 
arrays  of  5 -ton  calibration  explosions  and 
OBS  arrays^ ’  ^ 

Above  the  Moho,  there  remains  some  uncertainty  about  the  near- regional  dip 
of  the  shallow  refractors.  A  plane  layer  model  would  not  be  adequate  on  a 
550-km  scale;  however,  inside  180  km,  the  model  chosen  is  in  effect  a  plane¬ 
layered  section  of  the  regional  model,  and  each  layer  represents  an  average 
depth.  The  increased  computational  difficulty  of  hypocenter  location  using  a 
dipping  model  does  not  seem  justified  or  consistent  with  the  amount  of  arrival¬ 
time  data  available  for  hypocenter  location. 


1967  OBS  Experiment  1969  OBS 

CGS  Land  Net  plus  LONGSHOT  and  MILROW 

for  MILROW  MILROW  to  Adak  Experiment 


Table  II- 7 


STATION  INFORMATION 


Station 

Location 

Elevation  —  Positive 

Below  Sea  Level 
(km) 

Latitude 

Longitude 

S03 

50‘’59'00"N 

179“21'30"E 

3.317 

SOS 

51‘’19'00"N 

178“27'30"E 

1.234 

S06 

51°46’30''N 

179“6'30"E 

0.859 

SOS 

51‘’22'00"N 

179°35'42"E 

1. 408 

SOI 

51°25'12"N 

178®45'00''E 

0.342 

S02 

51®16'24"N 

178°32'00"E 

1.436 

S23 

51°41'00''N 

179“09'30"E 

0.841 

S25 

52‘’02'50"N 

•179°23'54"E 

0.  185 

ADA 

51°51'48"N 

176°39'18''W 

-0.  1 

ATK 

52‘’12'07"N 

174°12'42"W 

-0.  1 

SMY 

52®43'47"N 

174°6'33”E 

-0.  1 

ASB 

5l‘’21'38"N 

179‘’14'51"E 

-0. 031 

ASC 

5l‘’27'47"N 

179‘’9'3C"E 

-0. 024 

ANB 

51®36'22"N 

178°48'41"E 

-0.351 

SSI 

5r54'52"N 

179‘’37'26”E 

-0.265 

n-14 
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Since  the  shots  and  receivers  used  in  this  study  were  not  located  on  the  same 
plane,  the  data  were  reduced  to  a  common  plane  set  at  sea  level  for  interpre¬ 
tive  purposes  in  the  model  calculation  and  subsequent  hypocenter  calculations. 
Refractor  depths  computed  from  intercept  times,  as  well  as  hypocenters,  are 
then  the  depths  below  sea  level.  The  method  of  reference-plane  correction  is 
shown  in  Figure  II-4.  The  method  reduces  the  raw  traveltimes  to  traveltimes 
below  a  reference  plane  by  stripping  off  (or  adding  on  when  the  plane  is  above 
the  station  or  shot)  the  time  from  shot  to  reference  plane  and  station  to  ref¬ 
erence  plane.  The  technique  was  presented  in  detail  in  a  previous  report^  and 
is  not  reiterated  here.  Two  of  the  shots  used  in  the  analysis  (MILROW  and 
LONGSHOT)  were  underground  and,  of  course,  have  no  water  path  involved 
in  the  reference-plane  correction  scheme.  The  correction  in  that  case  was 

properly  made  by  simply  setting  the  parameter  d  (Figure  II-4)  equal  to  d 

ws  ^  s 

in  the  program  which  calculates  the  corrections,  thereby  causing  a  water-path 
correction  of  0  for  -tj  +  t^  for  those  two  shots. 

All  data  were  processed  through  the  correction  program  using  velocities  de¬ 
termined  from  previous  work  in  the  area,  ^  and  traveltime  plots  were  generated. 
After  examining  the  plots  and  running  line  fits,  the  data  were  separated  into 
three  groups  on  the  basis  of  apparent  velocity,  and  the  raw  data  were  recycled 
through  the  correction  program  using  the  measured  apparent  velocities. 

I 

Correction  parameters  for  the  three  groups  are  as  follows: 


^2B 

V 

n 

RP  DP 

^RED 

(km/ sec) 

(km/sec) 

(km/ sec) 

(km/ sec) 

(km)  (km) 

(km/ sec 

Shallow  Pg 
arrivals 

1.5 

3.6 

5.0 

5.2 

0.0  -2.0 

8.  0 

Pg  arrivals 

1.5 

3.6 

5.  0 

6.8 

0.0  -2.0 

8.  0 

Pn  arrivals 

1.  5 

3.6 

5.  0 

8.  1 

0.0  -2.0 

8.  0 
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Method  of  Reference- Plane  Correction 


The  correction  variables  are  defined  as 


RED 


water  velocity 
layer  velocity  (low) 
layer  velocity  (high) 
refractor  velocity 
reference-plane  depth 
decision-plane  depth 

velocity  used  to  compute  reduced  traveltime 
t  t  i  •  e  •  ( 


RED 

traveltime  corrected  to  RP 
distance  in  kilometers 


CalComp  plots  of  the  raw,  corrected,  and  reduced  times  were  made  and  are 
presented  in  Figures  II-5  through  II-7.  Table  II-9  gives  the  raw,  corrected, 
and  reduced  traveltime s  and  the  distance  for  each  shot/station  pair. 

Shown  in  Figure  II -7  are  velocity  lines  of  8.  1  km/ sec  fitted  through  the  data 
recorded  at  ADA,  SMY,  and  ATK.  The  velocity  line  shown  at  the  top  of  the 
figure  represents  the  Moho  refractor  used  in  the  final  crustal  model.  That 
line  passes  closely  through  the  ATK  data  points,  indicating  comparable  average 
structure  at  Amchitka  and  ATK. 

The  velocity  lines  through  SMY  and  ADA  data  points  show  smaller  intercept 
times  which  are  indicative  of  a  thinner  crust  or  a  higher  average  crustal  veloc¬ 
ity  at  those  sites,  provided  that  the  Moho  refractor  velocity  remains  constant 
over  this  area. 

The  Moho  refractor  velocity  and  depth  used  in  the  final  model  were  taken  from 
*  2 

a  previous  study  and  are  applicable  in  the  area  of  intarest,  which  is  roughly  a 
circle  of  50-km  radius  centered  on  Amchitka  Island. 
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Traveltimes,  All  Data 
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Figure  II-6.  Corrected  Traveltimes,  All  Data 
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Table  II- 9 

TRAVELTIME  DATA  FOR  ALL  SHOT /STATION  PAIRS 


Distance 

(km) 

49.  82 

63.  21 

5.  36 

7.  77 

33.  24 

29.  28 

33.  64 

41.  98 

51. 65 

55.  88 

59.  97 

60.  99 

80.  17 

83.  23 

100.  01 

121. 57 

141.  65 

465. 27 

507.  63 

527. 34 

542. 92 

361. 48 

347. 53 

338. 52 

338. 27 

336. 06 

295.  17 

291.  97 

292. 44 
275.84 

Reduced  Traveltime 
(T^  -  Akm/3.  0  km/ sec) 
(sec) 

vOOoofOooco^cooooo'0'00''-<r^ir>'-^0'Tfooo^'-?^sO(^ 

<M:--4<Mif».ooo^fO<Moooooo't^oor^^ir>0'Or-poor\>vO'-<(\itt. 

corO'-^'-^rsirsirsiro^'^^if>if»if>ir>sONOr^r^h-r^r^t^t^oONOOOvo^ 

Corrected 

T  raveltime 
(sec) 

9.49 

11.60 

1. 85 

2.  20 

6.73 

6.29 
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Also  shown  in  Figure  II-7  is  a  velocity  line  of  5.2  km/sec.  Two  stations, 

S03,  and  SSI,  deviate  from  the  line  and  were  not  included  in  the  least-squares 
line  fit  for  the  shallow  Pg  refractor.  For  station  S03,  the  shot  depth  was 
about  1.2  km,  and  the  station  depth  was  3.3  km.  The  refractor  interface  was 
1. 5  km;  consequently,  the  ray  path  from  shot  to  receiver  could  not  be  refracted 
along  t’lat  interface  and  was  therefore  a  direct  arrival,  as  illustrated  in  Figure 
II-8.  A  simple  calculation  (horizontal  distance/raw  traveltime)  yields  a  ve¬ 
locity  of  about  5.5  km/soc,  which  is  consistent  with  a  propagation  path  almost 
entirely  in  the  shallow  Pg  layer  of  the  final  model. 

The  traveltime  from  MILROW  to  SSI  was  1  sec  early  in  relation  to  other  shot/ 
station  pairs  with  comparable  distances.  Since  the  time  was  not  .consistent 
with  the  other  data  and  without  recourse  to  the  recordings,  no  decision  can  be 
made  regarding  validity  of  the  point.  It  could  represent  a  simple  timing  error, 
or  —  less  probable  —  a  station-location  error  of  5  km  would  account  for  1  sec 
of  traveltime  in  the  refractor.  It  could  actually  indicate  a  higher  velocity  in 
that  azimuth;  however,  additional  data  in  that  direction  would  necessarily  have 
to  be  obtained  to  verify  that  possibility.  It  is  shown  later,  however,  that  SSI 
data  yielded  consistent  results  using  the  derived  model  for  hypocenters  both 
inside  and  outside  the  combined  land  and  OBS  network.  Moreover,  examina¬ 
tion  of  the  associated  events  shows  that  SSI  consistently  had  difficulty  —  during 
the  recording  period  at  least  —  recording  events  in  the  vicinity  of  the  MILROW 
site. 


V  >  ].6  Km/iac 

SHALLOW 

REFRACTOR 

V  s  5,  2  Km/sec 


Figure  II  8.  Diagramatic  Ray  Path  from  MILROW  to 
Station  S03  (Vertical  Scale  Exaggerated) 
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Next,  least- square  line  fits  were  calculated  for  the  shallow  Pg  and  the  Pg  re¬ 
fractor.  Figures  II-9,  11-10,  andII-11  show  raw,  corrected,  and  reduced 
traveltimes  of  the  data  used  in  the  line  fits.  A  comparison  of  the  raw  and  cor¬ 
rected  traveltime  plots  show  the  effect  of  the  reference- plane  corrextion  in 
reducing  the  scatter  of  the  points  due  to  differing  receiver  elevations  and  shot 
depths  and  the  removal  of  the  low-velocity  water  leg  for  those  shots  in  water. 
In  addition,  the  standard  deviation  of  each  set  of  points  is  reduced.  The  fol¬ 
lowing  are  standard  deviations  of  line  fits  to  raw  and  corrected  times  for  the 
two  sets  of  points. 


Raw 

Refractor  (sec) 

Shallow  Pg  0.  36 

Pg  0. 62 

These  line  fits  were  obtained: 


Corrected 

(sec) 

0.  21 

0.  14 


•  Shallow  Pg  —  slope  =  0.  1937 

velocity  =  5.  16  km/sec 
intercept  =  0.59  sec 

•  Pg  —  slope  =  0.  1470 

velocity  =  6.80  km/sec 
intercept  =  3.80  sec 


The  line  fits  and  points  used  are  shown  on  the  reduced  traveltime  plot  in  Fig¬ 
ure  II- 11.  Calculation  of  the  depth  of  the  first  refracting  interface  (shallow  Pg) 
requires  a  knowledge  of  the  layer  velocity  above  the  refractor.  A  published 
interval  velocity  log  from  the  LONGSHOT  borehole  was  obtained.  The  log 
was  integrated,  yielding  a  velocity  of  3.4  km/sec  which  is  the  average  velocity 
from  the  surface  to  a  depth  of  about  0.  8  km.  Using  the  velocity  gradient  of  the 
log,  the  calculated  average  velocity  from  the  surface  to  the  MILROW  shot  depth 
was  about  3.  6  km/sec,  which  was  taken  as  the  velocity  for  the  first  layer. 

Next,  the  model  was  calculated  from  the  velocities  and  intercept  times  using 
standard  refraction  methods  which  assume  plane  constant-velocity  layering. 
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Figure  II- 9.  Raw  Traveltimes,  Shallow  Pg  and  Pg  Refractor 
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The  Amchitka  crustal  model  is  presented  in  Figure  11-12.  The  S-wave  veloci¬ 
ties  were  calculated  from  P-wave  velocities  using  0.  2i)  for  Poisson's  ratio. 

The  model  was  then  input  to  a  program  which  computes  theoretical  traveltime 
curves  for  direct  and  refracted  P  and  S  waves  over  a  range  of  horizontal  re¬ 
ceiver  distances  and  a  range  of  source  depths.  Each  pair  of  curves  repre¬ 
senting  the  first  arrival  time  for  a  pure  P  wave  (Figure  II- 13)  and  a  pure  S 
wave  (Figure  11-14)  was  calculated  for  horizontal  source/ receiver  distances 
of  0  to  180  km  in  increments  of  5  km.  A  total  of  30  pairs  was  computed  for 
source  depths  ranging  from  0  to  188  km  in  the  following  depth  increments: 

•  0.3-km  increments  from  0  to  1.5  km 

•  2.0-km  increments  from  2  to  14  km 

•  4.  0-km  increments  from  15  to  35  km 

•  10.  0-km  increments  from  38  to  68  km 

•  20.  0-km  increments  from  68  to  188  km 

3-dimensional  matrix  of  theoretical  travelt..mes  (horizontal  range  vs 
source  depth  vs  wave  type)  provides  the  model  base  for  the  hypoc enter- calcu¬ 
lation  program  which  interpolates  the  sampled  traveltime  curves  in  both  range 
and  depth  as  necessary  to  yield  traveltimes  at  intermediate  points. 

2.4  HY POCENT ER  ANALYSIS 

As  mentioned  earlier,  the  principal  analysis  goal  of  the  experiment  was  to 
calculate  hypoc  enters  for  seismic  activity  within  50  km  of  MILROW.  The  film 
seismogram  analyses  discussed  in  subsection  2,2  were  fundamental  in  developing 
the  preliminary  bulletin  from  which  to  choose  events  for  hypocenter-location 
refinement.  From  this  preliminary  bulletin,  all  events  which  were  reported 
by  six  or  more  stations  were  selected  for  hypocenter-location  refinement  tests; 
140  such  events  were  selected.  These  data,  combined  with  the  derived  velocity 
model  (subsection  2.3),  were  input  to  a  computer  program  for  hypocenter  cal¬ 
culation.  Ultimately,  81  events  were  located  by  the  program;  26  of  these  events 
were  within  7  km  of  the  MILROW  site.  The  following  paragraphs  describe  the 
procedures  used  in  the  hypocenter  calculations. 
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Figure  11-13.  Theoretical  Traveltimes  for  Amchitka 
Crustal  Model,  First- Arrival  P  Waves 


Figure  11-14.  Theoretical  Traveltimes  for  Amchitka 
Crustal  Model,  First- Arrival  S  Waves 
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HYPOCENTER  PROGRAM.  A  hypocenter-calculation  program 

was  coded  and  checked  out  on  the  IBM  S/360  computer.  The  program  em¬ 
ployed  an  algorithm  similar  to  that  used  by  Flinn.  ^  The  method  is  a  least- 
mean-square  iterative  process  using  a  matrix  of  traveltime  equations  for  P 
and  S  direct  arrivals.  The  program  was  extended  to  include  refractions  of 
pure  P  and  S  ar-ivals  by  incorporating  the  respective  theoretical  traveltime 
curves  calculated  from  the  crustal  model.  Iteration  in  the  calculation  sequence 
ceases  with  an  allowable  solution  when  the  vector  sum  of  the  absolute  errors 
in  the  X,  Y,  and  Z  directions  of  a  rectangular  coordinate  system  is  less  than 
1.  0  km  and  the  error  in  origin  time  is  less  than  0.  1  sec. 

For  eacn  iteration,  a  set  of  residual  times  is  calculated  along  with  its  associ¬ 
ated  standard  deviation.  However,  the  solution  from  each  iteration  is  based 
on  a  least-mean-square  distance  error.  It  is  noted  that,  in  reaching  an  allow¬ 
able  solution,  the  time- residual  standard  deviation  may  not  monotonically  de¬ 
crease  and  may  not  always  be  the  minimum  in  the  iteration  that  produced  solu¬ 
tion.  This  latter  condition  is  caused  partially  by  interpolation  in  the  travel¬ 
time  tables  for  specific  depths  and  ranges.  Interpolation  error  is  greatest 
where  the  traveltime  function  curves.  Where  the  traveltime  function  is  linear 
(refraction),  the  interpolation  is  accurate  to  three  decimal  places.  The  dif¬ 
ference  in  the  final  time- residual  standard  deviation  and  a  standard  deviation 
which  might  have  been  smaller  for  an  earlier  iteration  is  always  in  the  second 
decimal  place  (hundredths  of  a  second),  which  is  believed  insignificant. 

Geographic  coordinates  are  input  to  and  output  from  the  program:  however, 

calculations  are  made  after  conversion  to  rectangular  coordinates.  A  range 

in  excess  of  180  km  begins  to  involve  significant  earth-curvature  effects,  but 

no  calculations  are  made  beyond  this  range  from  MILROW.  The  maximum 

focal  depth  permitted  is  188  km  -  a  choice  tased  on  seismicity  in  the  vicinity 
of  Amchitka. 
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2.4.2  HYPOCENTER  CALCULATIONS.  A  total  of  140  events  were 

input  to  the  hypocenter  program  for  calculations.  The  input  consisted  of  as¬ 
sociated  P  and  S  arrivals  observed  by  the  four  OBS  units  and  seven  USC&GS 
land  stations.  Unit  weight  was  assigned  to  all  arrivals.  Table  Ii-10  shows 
location  and  elevation  for  all  stations  in  the  combined  network.  Figure  11-15 
is  a  map  of  the  stations  used.  Tables  II- 1 1  and  11-12  give  information  for  the 
events  processed;  the  following  is  a  summary  of  the  results. 

•  81  events  produced  a  convei'gcut  solution 

•  9  events  were  near  conve7*gence;  a  sointion 
for  these  events  probably  could  be  obtained  by 
relaxing  the  constraint  on  the  criteria  for  solution 

•  13  events  were  out  of  range  (i.  e.  ,  the  distance 
was  greater  than  180  km  from  any  one  observing 
station) 

•  37  events  did  not  produce  convergent  solutions 
due  to  inconsistencies  in  the  signal  arrivals  — 

a  condition  probably  resulting  from  poor  signal - 

to-noise  ratios,  failure  to  identify  arrival  type 

correctly,  spurious  association,  or  possible 

network  geometry  deficiency  ^ 

Figure  11-16  was  compiled  from  Tables  II- 11  and  11-12  and  shows  the  amount 
of  available  data  (P  and  S  arrivals)  from  the  10- station  network  for  the  140 
events.  Only  one  arrival  is  available  from  station  ANB  (P  wave  from  MILROW), 
and  no  MILROW  traveltimes  were  obtained  for  stations  ASD  and  ANA.  In  addi¬ 
tion,  only  a  few  of  the  44  associated  near-MILROW  events  were  observed  by 
stations  ANA,  SSI,  and  S03.  Hypocenter s  were  calculated  for  a  total  of  81 
events  in  the  area;  these  are  charted  in  Figure  11-17  (in  pocket). 

In  the  hypocenter  calculations  for  the  81  events  which  converged  to  a  solution, 
neither  the  depth  nor  the  origin  time  were  constrained  to  obtain  a  solution. 
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SYNOPSIS  OF  ALL  EVENTS  PROCESSED  EXCEPT  THOSE  IN  VICINITY  OF  MILROW 


I  I  NEAR-MILROW  EVENTS 


Previous  investigators  ’  have  discussed  the  problems  involved  in  hypo- 

center  calculation.  Each  of  these  problems  requires  considerably  more  inves¬ 
tigation  which  could  not  possibly  have  been  attempted  in  this  work.  It  should 
be  pointed  out,  however,  that  errors  due  to  gross  inaccuracies  in  the  model 
in  general  are  small  (a  Jeffreys-Bullen  or  California  crust  is  normally  as¬ 
sumed)  in  comparison  to  the  error  component  which  is  sensitive  to  the  azi¬ 
muthal  distribution  of  the  subset  of  observing  stations  and  the  spacing  of  that 
subset.  Furthermore,  much  more  station  data  are  required  for  a  solution 
when  the  epicenter  lies  outside  the  network.  With  the  exception  of  an  event  at 
2009Z  on  6  October,  refined  hypoceniers  were  found  for  all  events  lying  inside 
the  network  (see  Figure  11-17)  and  residing  outside  the  immediate  vicinity  of 
MILRCW .  The  generality  of  the  hypocenter- calculation  process  is  further 
evidenced  by  the  fact  that  solutions  appear  in  all  azimuthal  quadrants  and  out 
to  the  maximum  range  of  the  process. 

An  inspection  of  Figure  11-17  shows  that,  in  general,  events  to  the  south  of  the 
island  arc  are  shallow  focus  whereas  events  to  the  north  of  the  island  arc  are 
deep  focus.  This  observation  is  in  agreement  with  other  seismicity  studies  in 

5 

the  Aleutian  Islands  region.  The  principal  departure  from  normal  seismicity 
in  the  area  occurs  around  the  MILROW  location  where  numerous  very- shallow- 
focus  (2  to  10  km)  events  are  located  within  a  radius  of  about  7  km  and  occur 
within  about  37  hr  after  the  Mil  ROW  event. 

Table  11-13  lists  the  events  charted  in  Figure  11-17.  The  list  includes  date, 
origin  time,  latitude,  longitude,  depth  of  focus,  number  of  phases  used  in  the 
solution,  standard  deviation  of  the  solution,  station  code,  phase  type  in  con¬ 
ventional  USC&GS  form,  corrected  arrival  time,  raw  arrival  time,  and  time 
residual  for  each  arrival. 

The  corrected  arrival  time  is  the  observed  GOT  (raw)  arrival  time  reduced 
to  sea  level.  OBS  stations  below  sea  level  have  positive  corrections,  while 
land  stations  above  sea  level  have  negative  corrections.  Table  II- 10  lists 
the  corrections  used  for  P  and  S  arrivals  at  each  station. 
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Previous  investigators  '  '  '®  ^ave  discussed  the  problems  involved  in  hypo- 
center  calculation.  Each  of  these  problems  requires  con.siderably  more  inves 
tigation  which  could  not  possibly  have  been  attempted  in  this  work.  It  should 
be  pointed  out.  however,  that  errors  due  to  gross  inaccuracies  in  the  model 
in  general  are  small  (a  Jeffreys -Bullen  or  California  crust  is  normally  as¬ 
sumed)  in  comparison  to  the  error  component  which  is  sensitive  to  the  azi¬ 
muthal  distribution  of  the  subset  of  observing  stations  and  the  spacing  .f  that 
subset.  Furthermore,  much  more  station  data  are  requireo  for  a  solution 
when  the  epicenter  lies  outside  the  network.  With  the  exception  of  an  event  at 
2009Z  on  6  October,  refined  hypocenters  were  found  for  all  events  lying  inside 
the  network  (see  Figure  11-17)  and  residing  outside  the  immediate  vicinity  of 
MILROW.  The  generality  of  the  hypocenter- calculation  process  is  further 
evidenced  by  the  fact  that  solutions  appear  in  all  azimuthal  quadrants  and  out 
to  the  maximum  range  of  the  process. 


An  inspection  of  Figure  11-17  shows  that,  in  general,  events  to  the  south  of  the 
island  arc  are  shallow  focus  whereas  events  to  the  north  of  the  island  arc  are 
deep  focus.  This  observation  is  in  agreement  with  other  seismicity  studies  in 
the  Aleutian  Islands  region.  ^  The  principal  departure  from  normal  seismicity 
in  the  area  occurs  around  the  MILROW  location  where  numerous  very-shallow- 

focus  (2  to  10  km)  events  are  located  within  a  radius  of  about  7  km  and  occur 
within  about  37  hr  after  the  MILROW  event. 


Table  11-13  lists  the  events  charted  in  Figure  11-17.  The  list  includes  date, 
origin  time,  latitude,  longitude,  depth  of  focus,  number  of  phases  used  in  the 
solution,  standard  deviation  of  the  solution,  station  code,  phase  type  in  con¬ 


ventional  USC&GS  form,  corrected  arrival  time,  raw  arrival  time,  and  time 


residual  for  tach  arrival. 


The  corrected  arrival  time  is  the  observed  GCT  (raw)  arrival  time  reduced 
to  sea  level.  OBS  stations  below  sea  level  have  positive  corrections,  while 
land  stations  above  sea  level  have  negative  corrections.  Table  11- 10  lists 
the  corrections  used  for  P  and  S  arrivals  at  each  station. 
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Correlation  of  the  data  of  Tables  II- 11  and  II-J2  with  Table  11-13  and  Figure 
11-17  shows  two  principal  geographic  areas  of  concern  —  MILROW  vicinity  and 
an  area  to  the  southeast  at  about  70  to  90  km  from  MILROW.  Only  19  of  the 
44  near-MILROW  events  converged  to  solution;  similarly,  about  one-half  of  the 
events  in  the  southeast  area  converged.  The  remainder  of  the  solutions  indi¬ 
cates  that  the  process  worked  well  on  nearly  all  of  the  other  associated  events 
tested. 


In  an  attempt  to  increase  the  number  of  solutions  for  the  44  associated  near- 
MILROW  events,  the  events  were  reprocessed  using  MILROW  residuals  where 
available  to  correct  raw  traveltimes.  The  reprocessing  resulted  in  eight  ad¬ 
ditional  solutions  for  near-MILROW  events  and  also  a  solution  for  MILROW. 
One  solution  obtained  earlier  without  correction  for  MILROW  residuals  failed 
when  the  residuals  were  applied.  Therefore,  the  net  gain  in  solutions  was  7. 
The  ?.6  solutions  for  the  near-MILROW  events  are  shova;  in  Table  II-  14. 


There  are  several  factors  related  to  assessing  the  increase  in  number  of 
solutions.  The  data  characteristics  are  summarized  as  follows; 

•  The  residual-corrected  MILROW  solution  and  the 
uncoriected  solution  give  identical  epicenters  but 
slightly  different  depths 

•  The  epicenter  scatter  seems  larger  for  the  residual- 
corrected  set  (see  inset  in  P’igure  11-17) 

•  The  scatter  for  both  sets  is  much  uroader  (generally 
7  to  8  km)  than  the  location  error  {<?.  km)  for  the 
calculated  epicenter  of  MILROW  proper 

•  Examination  of  graphical  solutions  (applying  the 
velocity  model  used  in  hypocenter  calculations) 
for  the  tripartite  ASB,  ASC,  and  ASD  showed 
solution  triangles  which  cluster  south  and  west  of 
the  MILROW  site,  whereas  the  combined  net  moves 
the  cluster  of  near-MILROW  epicenters  to  the  north¬ 
east  of  the  MILROW  site 
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Several  factors  might  combine  to  explain  the  behavior  noted.  There  is  a  posi¬ 
tion  uncertainty  (~  1  km)  associated  with  the  OBS  network  which  might  bias  the' 
data  to  the  northeast.  Even  though  more  solutions  were  obtained  with  the  re¬ 
sidual-corrected  data,  the  wider  scatter  might  be  explained  by  the  lack  of 
residuals  for  the  ASD,  ANA,  and  SSI  data  which  were  used  in  the  residual- 
corrected  calculations.  It  is  al‘50  noted  from  Tables  II- 11  and  11-12  that  the 
preponderance  of  the  residuals  at  ASB  and  ASC  (for  the  uncoxrected  calculation 
on  the  entire  data  set)  are  negative  and  many  times  larger  than  actual  MILROW 
residuals.  It  may  be  that,  when  the  networks  are  combined,  the  MILROW  tri¬ 
partite  behaves  almost  as  one  station.  SSI,  as  seen  in  Table  11-13,  did  not 
enter  into  the  solutions  for  near- MILROW  events  and  does  not  furnish  any  in¬ 
sight  into  the  near-MILROW  problem.  However,  SSI  was  available  consistently 
for  hypocenter  calculations  for  all  other  events.  One  final  point  for  speculation 
IS  the  effect  of  a  finite  geometry  for  the  source  mechanisms  near  MILROW; 
i.  e.  ,  departure  from  a  point-source  behavior  for  these  mechanism  could  in¬ 
troduce  significant  errors  at  the  near  tripartite  of  ASB,  ASC,  and  ASD.  Fur¬ 
ther,  it  seems  plausible  that  each  event  did  not  come  from  the  same  source 
and  che  sources  might  be  distributed  along  a  fault  system  near  MILROW. 

In  summary,  it  is  doubtful  that  these  effects  can  be  collectively  rationalized 
in  the  context  of  the  experiment  reported  here.  Certainly,  more  work  could 
be  done  in  the  future  to  seismically  calibrate  the  MILROW  vicinity  in  an  attempt 
to  remove  any  velocity-model  and/cr  observation-network  deficiencies. 

As  far  as  the  problem  in  the  southeast  is  concerned,  no  significant  trend  could 
be  established  from  the  data  available.  Since  the  events  lie  outside  the  network, 
a  concentrated  effort  for  solution  was  not  attempted.  It  i^  possible  that  con¬ 
straining  depth  and  origin  time  or  manipulation  of  the  subarrays  might  produce 
additional  solutions  in  this  area,  but  time  did  not  permit  such  an  investigation. 
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HYPOCENTER  ACCURACY  IN  MILROW  VICINITY.  In  order  to 

examine  the  epicentral  location  capability  of  the  combined  network  for  events 
occurring  at  the  MILROW  site,  theoretical  arrival  times  were  calculated  for 
P  and  5  waves  as  observed  at  the  two  closest  land  stations  and  the  four  OBS 
stations  for  the  following  h/pocenter* 

Origin  time  =  22:01:30.0 

Latitude  =  51.417®N 

Longitude  =  179.  182°E 

Depth  =  1.  2  km 

The  station  elevations  were  taken  as  sea  level,  thereby  eliminating  the  sta¬ 
tion  correction  factors.  Ihe  theoretical  arrival  times  were  rounded  to  the 
nearest  tenth  of  a  second  to  simulate  the  experimental  accuracy  in  reading 
arrival  times  from  the  seismograms.  Next,  the  theoretical  arrival  timer 
were  input  to  the  hypocen^er-calculation  program,  yielding  the  foUowing 
results. 
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The  resultiiig  epice»'tcr  location  is  in  very  close  agreement;  this  was  ex¬ 
pected,  since  the  stations  were  fairly  evenly  distributed  in  azimuth  about 
the  epicenter.  The  calculated  focal  depth  was  3.  8  km.  It  is  weU-known 
that  accurate  depth  determination  requires  the  observation  of  arrivals 
which  have  propagated  along  differing  refractors  and,  more  importantly, 
requires  the  observation  of  at  least  one  direct  arrival.  In  this  example, 
the  first  arrival  to  all  stations  propagates  in  one  refractor  only  —  shallow 
Pg.  If  the  S-wave  arrivals  had  been  excluded  from  this  example,  there  would 
be  no  control  on  the  depth  because  a  change  in  depth  would  be  compensated 
by  a  shift  in  origin  time.  The  inclusion  of  P  and  S  waves  provides  con¬ 
straint  on  the  calculated  origin  time  and  resultant  depth. 

Another  set  of  theoretical  arrival  times  was  calculated  for  a  focal  depth  of 

JO  km  and  input  to  the  hypocenter- calculation  program,  yielding  the  following 
results. 
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Again,  the  epicenter  location  is  in  very  close  agreement.  The  calculated  focal 
depth  was  10  9  km.  In  ♦his  example,  the  hypocenter  was  in  very  close  agree¬ 
ment,  since  the  conditions  for  accurate  depth  determination  were  more  nearly 
fulfilled;  i.  e.  ,  the  arrivals  at  the  two  closest  stations,  ASC  and  ASB,  were 
direci,  arrivals  and  the  arrivals  to  the  OBS  stations  were  refractions  in  the  Pg 
refractor.  The  foregoing  exercise  is  applicable  only  in  the  vicinity  of  MILROW. 
Due  to  the  previously  described  shortcomings  of  the  hypocenter-location  pro¬ 
cess,  extension  of  the  preceding  results  to  other  geographic  areas  in  not 
warranted. 

CRITIQUE.  Although  the  useful  OBS  data  were  limited  at  best 
to  four  stations,  it  is  apparent  that  improved  hypocenters  for  events  occurring 
within  the  net  were  obtained  —  as  opposed  to  hypocenters  based  only  on  data 
from  the  land-station  net  —  because  of  the  following: 

•  Additional  P-wave  observations 

•  Additional  S-wave  observations,  yielding  more  control 
on  origin-time  estimates  and  resultant  calculated  depths 

•  Better  azimuthal  coverage 

•  Addition  of  direct-arrival  observations  in  many  cases  for 
accurate  depth  calculations 

Hypocenter-location  accuracy  is,  of  course,  a  function  of  many  variables, 
one  being  the  model  estimate  which  must  accurately  represent  the  velocity/ 
depth  relationship  in  the  area  if  the  resultant  hypocenter  calculations  are  to 
be  meaningful.  The  model  used  is  almost  certainly  an  oversimplification  of 
the  true  crust.  The  model  was  based  on  traveltime  information  from  control¬ 
led  explosions  and  assumed  constant-velocity  plane  layering.  The  adequacy 
of  that  assumption  was  demonstrated  in  subsection  2.  3  for  the  available  travel¬ 
time  data.  The  inclusion  of  traveltimes  from  additional  controlled  explosions 
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in  the  area  geometrically  distributed  in  such  a  manner  as  to  pi  ovide  denser 
sampling  of  the  refractors  would  probably  show  perturbations  in  the  model. 
The  hypocenter- location  problem  then  would  involve  traveltime  calculations 
for  a  3-dimensional  model,  with  layers  that  change  dip  in  two  directions. 

As  demonstrated  earlier,  accurate  focal  depth  cannot  be  obtained  for  those 
events  occurring  at  the  MILROW  hypocenter,  since  the  land-  net  data  did  no? 
include  a  station  sufficiently  close  to  record  the  direct  P  and  S  waves  as  first 
arrivals.  A  seismogram  analysis  of  secondary  arrivals  at  those  stations 
would  probably  allow  identification  and  timing  of  the  direct  P  and  S  waves 
which  could  be  used  for  accurate  depth  calculations. 

In  order  to  determine  the  probable  causes  of  failure  of  solutions  for  37  events, 
additional  study  which  is  beyond  the  time  frame  of  the  present  analysis  is  in¬ 
dicated.  Areas  of  investigation  which  could  prove  fruitful  are  as  follows: 


•  Perform  hypocenter  calculations  using  different 
subsets  of  stations 

•  Perform  hypocenter  calculations  using  different 
weightings  on  the  P  and  S  arrival-time  picks 

•  Perform  hypocenter  calculations  using  mean 
station-time  residuals 

•  For  events  out  of  range,  attempt  to  find  station 
subsets  with  A's  less  than  180  km  and  repeat  the 
hypocenter  calculations  using  that  station  subset 

•  Perform  hypocenter  calculations  with  the  origin 
time  constrained  (based  on  the  P-to-S  interval) 
or  with  the  depth  constrained 

•  Fcrform  hypocenter  calculations  for  convergence 
parameters  of  varying  size  (in  km) 

•  Perform  a  visual  signal-to-noise  analysis  of  the 
P  and  S  waves  for  each  event 
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Table  11-13 

FINAL  HYPOC ENTER  LOCATIONS 
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Table  11-13  (Contd) 
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Table  11-13  (Contd) 
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Table  11-13  (Contd) 
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13.5 

6 

39 

13.2 

RES 

X 

-0.20 

SEC 

SC5 

ES 

6 

39 

21.9 

6 

39 

21.4 

RES 

X 

0.35 

SEC 

ASC 

IPG 

6 

39 

4.1 

6 

39 

4.1 

RES 

X 

-0.75 

SEC 

ASC 

IS 

6 

39 

5.5 

6 

39 

5.5 

RES 

X. 

-0.72 

SEC 

ASO 

IPG 

6 

39 

5.  1 

6 

39 

5.1 

RES 

= 

0.C8 

SEC 

ASO 

IS 

6 

39 

7.3 

6 

39 

7.3 

RES 

X 

0.78 

SEC 

ASB 

IPG 

6 

39 

4.3 

6 

39 

4.3 

RES 

X 

-C.  17 

SEC 

OCT 

3, 

1969 

H  » 

6  41 

16.9 

LATITCcE 

*  51. 

212 

N 

LCNGITUCE 

*  179 

.9  16  N 

DEPTH 

X 

27  KM 

NUMBER 

PHASES 

USEC  «  11 

STANDARD 

DEVIATION 

X 

0.36 

SEC 

CORR. 

TIME 

RAW 

TIME 

SC6 

EP 

6 

41 

32.5 

6 

41 

32.3 

3ES 

X 

0.01 

SEC 

SC5 

EP 

6 

41 

35.3 

6 

41 

35.0 

RES 

X 

-0.06 

SEC 

SC5 

ES 

6 

41 

48.2 

6 

41 

47.7 

RES 

X 

-0.63 

SEC 

ANA 

IPG 

6 

41 

35.0 

6 

41 

35.0 

RES 

X 

0.24 

SEC 

ANA 

S 

6 

41 

48.0 

6 

41 

48.1 

f'.ES 

X 

0.28 

SEC 

ASB 

IPG 

6 

41 

28.0 

6 

41 

28.0 

RES 

X 

0.31 

SEC 

ASB 

IS 

6 

41 

36. C 

6 

41 

36.0 

RES 

X 

0.42 

SEC 

ASO 

IPG 

6 

41 

27.2 

6 

41 

27.2 

RES 

X 

0.22 

SEC 

ASO 

ES 

6 

41 

34.5 

6 

41 

34.5 

RES 

X 

0.16 

SEC 

ASC 

EPG 

6 

41 

28.4 

6 

41 

28.4 

RES 

X 

-0.68 

SEC 

SSI 

EPG 

6 

41 

31.0 

6 

41 

31.  1 

RES 

•m 

-0.26 

SEC 

11-54 
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Table  11-13  (Contd) 


I 


1! 

ll 


n 


0 


!i 


OCT  3,  1969 

H  =  76  3.5 

L/»TITLCE'  =  51.A24  N 

LCNGITUCE  =  179. <>59  b 

DEPTH  =  7  KP 

NtPBER  CF  PHASES  tSEC  =  9 


standard  deviation 


CORH.  riHE 


RAW  TIME 


0.75  SEC 


SC6 

bS 

7 

6 

SC5 

EP 

7 

6 

SC5 

cS 

7 

6 

ASC 

IPG 

7 

6 

ASC 

IS 

7 

6 

ASD 

IPG 

7 

6 

ASD 

IS 

7 

6 

ASB 

IPG 

7 

6 

ASO 

IS 

7 

6 

18.3  7  6  18.0 

7  6  lA.l 

22.9  7  6  22.4 

7  6  4.9 

6.4  7  6  6.4 

6.2  7  6  6.2 

8.5  7  6  8.5 

5.3  7  6  5.3 

7.C  7  6  7.0 


RES  =  0.08  SEC 
RES  *  “0.21  SEC 
RES  =  0.17  SEC 
RES  =  -1.04  SEC 
RES  =  -1.33  SEC 
RES  »  0.52  SEC 
RES  *  1.22  SEC 
RES  *  -0.45  SEC 
RES  *  -0.41  SEC 


OCT  3,  1969 

H  *  7  10  45.2 

LATITCCt  =  51.429  N 

LCNGITUCE  s  179.251  E 

DEPTH  =  7  KP 

NLPBER  CF  PHASES  tSEC  =  8 


STANDARD  DEVIATION 


CCRR.  TIME  RAW  TIME 


0.67  SEC 


SC6 

es 

SC5 

EP 

SC5 

ES 

ASC 

IFG 

ASC 

IS 

ASD 

IPG 

ASC 

IS 

ASB 

IPG 

7 

10 

59.8 

7 

10 

56.  1 

7 

11 

4.5 

7 

10 

46.6 

7 

10 

48.  1 

7 

10 

48. C 

7 

10 

50.2 

7 

10 

47.2 

7 

1C 

59.5 

7 

1C 

55.8 

7 

11 

4.0 

7 

1C 

46.6 

7 

1C 

48.1 

7 

1C 

48.0 

7 

1C 

50.2 

7 

1C 

47.2 

RES  *  0.09  SEC 
RES  »  -0.18  SEC 
RES  *  0.16  SEC 
RES  »  -0.97  SEC 
RES  =  -1.17  SEC 
RES  =  0.43  SEC 
RES  *  0.94  SEC 
RES  *  -0.38  SEC 
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Table  U-13  (Contd) 


OCT  3,  1969 
H  =  7  20  9.6 

LATITtOE  =  52.0C2  N 

LCNGITUCE  =  179.82^  E 

DEPTH  =  157  KH 


NLKBER  CF 

PHASES 

LSEO  ^  lA 

STANDARD 

DEVIATION 

S 

0.47 

SEC 

CCRR. 

TIME 

RAW 

TIME 

SC6 

EP 

7 

26 

31.8 

7 

28 

31.6 

RES 

-0.  16 

SEC 

SCO 

♦  IP 

7 

20 

32.8 

7 

28 

32.5 

RES 

= 

-0.01 

SEC 

SC5 

EP 

7 

28 

36.6 

7 

28 

36.3 

RES 

s 

0.42 

SEC 

ASD 

IPG 

7 

28 

32.8 

7 

28 

32.8 

RES 

X 

-0.25 

SEC 

ASB 

IPG 

7 

20 

33.2 

7 

28 

33.2 

RES 

= 

-0.  19 

SEC 

ASC 

IPG 

7 

28 

33.0 

7 

28 

33.0 

RES 

s 

-0.02 

SEC 

AKA 

IPG 

7 

28 

33.9 

7 

28 

33.9 

RES 

s 

-0.08 

SEC 

SSI 

IPG 

7 

28 

30.6 

7 

28 

30.7 

RES 

s 

-0.24 

SEC 

SCO 

ES 

7 

28 

50.  1 

7 

28 

A9.5 

RES 

s 

0.27 

SEC 

SC5 

ES 

7 

28 

55.8 

7 

28 

55.3 

RES 

s 

0.25 

SEC 

ASO 

IS 

7 

28 

A9.6 

7 

28 

49.6 

RES 

s 

-0.54 

SEC 

ASC 

IS 

7 

28 

50.1 

7 

28 

50.1 

RES 

s 

-0.01 

SEC 

AKA 

IS 

7 

28 

50.7 

7 

28 

50.8 

RES 

s 

-0.96 

SEC 

SSI 

IS 

7 

28 

A7.6 

7 

28 

47.7 

RES 

t: 

1.19 

SEC 

OCT 

3,  1969 

H  *  7 

40 

32.2 

LATITUDE  * 

51. 

415 

N 

LCNGITUCE 

=  179 

.197 

E 

DEPTH 

4  KM 

NUMBER 

LF 

PHASES 

LSEO  =  11 

STANDARD 

DEVI AI ION 

K 

0.49 

SEC 

CORR. 

TIME 

RAW 

TIME 

SC6 

EIS) 

7 

40 

46.9 

7 

4C 

46.6 

RES 

S 

0.08 

SEC 

SC8 

EP 

7 

40 

37.9 

7 

4C 

37.6 

RES 

= 

-0.03 

SEC 

SC8 

ES 

7 

40 

42.8 

7 

4C 

42.2 

RES 

X 

0.59 

SEC 

SC5 

EP 

7 

40 

42.4 

7 

4C 

42.1 

RES 

X 

-0.24 

SEC 

SC5 

ES 

7 

40 

50.8 

7 

40 

50.3 

RES 

X 

0.52 

SEC 

ASC 

IPG 

7 

40 

32.9 

7 

4C 

32.9 

RES 

X 

-0.91 

SEC 

ASC 

IS 

7 

40 

34.3 

7 

4C 

34.3 

RES 

X 

-0.68 

SEC 

ASO 

IPG 

7 

40 

34.  1 

7 

4C 

34.1 

RES 

X 

-0.51 

SEC 

ASD 

IS 

7 

40 

36.4 

7 

40 

36.4 

RES 

X 

0.04 

SEC 

ASB 

IPG 

7 

40 

33.4 

7 

40 

33.4 

RES 

X 

-0.59 

SEC 

ASB 

IS 

7 

40 

35.0 

7 

4C 

35.0 

RES 

X 

-0.28 

SEC 

11-56 
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Table  11-13  (Contd) 


O^T  3.  1969 

Ms  p  lb  i)4:,l 
LATITMD'^  e  51,430  H 
Lf>N';iTUnt  =  179.1  73  E 

ytPTw  =  4  Kn 


MUM 

phases 

USED  *  i? 

STANDA'^O 

DEVIATION' 

« 

1  «11 

SEC 

COHH, 

TIME 

haw  riME 

snn 

♦IP 

18 

57,7 

8 

1ft  57.4 

RES 

s 

•  .59 

SEC 

3C6 

E5 

R 

19 

M 

8 

19  3,5 

RES 

> 

1,24 

SEC 

Sn6 

EP 

M 

18 

59.4 

8 

1ft  59,2 

RES 

c 

m  ,  ft6 

SEC 

5^6 

E5 

ft 

19 

ft  ,H 

8 

19  8.5 

RES 

s 

2,66 

SEC 

snb 

♦EP 

fl 

19 

2.5 

6 

19  2,2 

RES 

* 

.14 

SEC 

SC5 

E5 

e 

19 

10,6 

8 

19  10.1 

RES 

a 

,78 

SEC 

ASC 

IPG 

ft 

18 

53,0 

8 

1ft  53,0 

RES 

a 

-.48 

SEC 

ASC 

IS 

ft 

18 

54,5 

6 

1ft  54,5 

RES 

a 

,07 

SEC 

A'"A 

IPG 

ft 

10 

59,3 

8 

18  59.3 

RES 

a 

-1,29 

SEC 

Af.D 

IPG 

ft 

18 

54,1 

8 

1ft  54,1 

RES 

a 

-.89 

SEC 

A  50 

IS 

a 

18 

56,1 

b 

IB  56,1 

Res 

a 

-,94 

SEC 

ASB 

lOQ 

6 

18 

53.4 

8 

18  53,4 

RES 

a 

-,9B 

SEC 

OCT 

3,  1969 

H  =  IC 

4C  16. 

9 

LATITLDE  = 

51, 

435 

N 

LCNGITUCE  = 

179 

•  227  E 

DEPTH 

=  5 

KH 

NIPBER 

Cf-  PHASES 

LSED  =  8 

STANDARD 

DEVIATION 

S 

0.38 

SEC 

CCRR. 

TIRE 

RAW 

TIME 

SC5 

EP 

IG 

40 

27,8 

10 

4C 

27.5 

RES 

X 

“0.06 

SEC 

SC5 

ES 

LC 

40 

35.9 

10 

40 

35.4 

RES 

X 

O.Ol 

SEC 

ASC 

IPG 

1C 

40 

18,3 

10 

4C 

18.3 

RES 

X 

“0.32 

SEC 

ASC 

IS 

10 

40 

19,9 

10 

4C 

19.9 

RES 

X 

0.02 

SEC 

ASC 

IPG 

IC 

40 

19,4 

10 

40 

19.4 

RES 

X 

0.18 

SEC 

ASD 

IS 

10 

40 

21.6 

10 

4C 

21.6 

P£S 

X 

0.69 

SEC 

ASE 

IPG 

10 

40 

18.6 

10 

40 

18.6 

RES 

X 

“0.47 

SEC 

ASfi 

IS 

10 

40 

20.  1 

10 

40 

20.1 

RES 

X 

-0.56 

SEC 

11-57 
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Table  11-13  (Contd) 


OCT  3,  1969 
H  =  10  <»3  6.3 

LATITUDE  =  51.A29  N 


LCNGITUCE 
DEPTH  * 
NUMBER  CF 

=  179.216  E 

7  KM 

PHASES  USED  =  10 

C0R«.  TIME 

RAW 

STANDARD 

TIME 

DEVIATION 

S 

0.77 

SEC 

SC6 

EP 

10 

A3 

1A.5 

10 

A3 

1A.3 

RES 

X 

-0.  10 

SEC 

SC6 

ES 

10 

A3 

22.0 

10 

A3 

21.7 

RES 

X 

1.A5 

SEC 

SC5 

EP 

10 

A3 

17.1 

10 

A3 

16. a 

RES 

X 

-0.07 

SEC 

SC5 

ES 

10 

A3 

25.5 

10 

A3 

25.0 

RES 

X 

0.A7 

SEC 

ASC 

IPG 

10 

A3 

7.5 

10 

A3 

7.5 

RES 

X 

-0.83 

SEC 

ASC 

IS 

10 

A3 

e.8 

10 

A3 

8.8 

RES 

s 

-0.92 

SEC 

AKA 

FPG 

10 

A3 

1A.3 

10 

A3 

1A.3 

RES 

X 

-1.10 

SEC 

ASC 

IPG 

10 

A3 

8.7 

10 

A3 

8.7 

RES 

X 

-0.27 

SEC 

ASD 

IS 

10 

A3 

11.0 

10 

A3 

11.0 

RES 

s 

0.17 

SEC 

ASB 

IPG 

10 

A3 

7.9 

10 

A3 

7.9 

RFS 

X 

-0.86 

SEC 

OCT 

3» 

1969 

H  *  11 

A 

51. 

2 

LATITUDE 

X 

51. 

A15 

N 

LCNGITUCE 

X 

179 

.228  E 

DEPTH 

X 

5 

KM 

NUMBER 

[  CF 

PHASES 

USED  X  8 

STANDARD 

DEVIAIION 

X 

0.6A 

SEC 

CGKR. 

TIME 

RAW 

TIME 

SC6 

EP 

11 

A 

59.6 

11 

A 

59. A 

RES 

X 

-0.19 

SEC 

SC6 

ES 

11 

5 

6. A 

11 

5 

6.1 

RES 

X 

O.AO 

SEC 

SC5 

ES 

11 

5 

1C.  1 

11 

5 

9.6 

RES 

X 

-0.03 

SEC 

ASC 

IPG 

11 

A 

52.2 

11 

A 

52.2 

RES 

X 

-1.03 

SEC 

ASC 

IS 

11 

A 

53.7 

11 

A 

53.7 

RES 

X 

-0.97 

SEC 

ASD 

IPG 

11 

A 

53.7 

11 

A 

53.7 

RES 

X 

0.28 

SEC 

ASD 

IS 

11 

A 

55.9 

11 

A 

55.9 

RES 

X 

0.91 

SEC 

ASM 

IPG 

11 

A 

52.7 

11 

A 

52.7 

RES 

X 

-0.39 

SEC 

11-58 
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Table  11-13  (Contd) 


OCT  3,  1969 
H  =  13  49  2.C 

L^iTITLCE  *  51.462  N 

LCNGITUCE  =  179.993  t 

DEPTH  =  36  KM 


NUMBER  CF  PHASES  USED  =  15 


CCRH.  TIME  RAW 


SC3 

EP 

13 

49 

13.7 

13 

49 

SC3 

ES 

13 

49 

25.3 

13 

49 

SC6 

EP 

13 

49 

14.4 

13 

49 

SC5 

EP 

13 

49 

20. 4 

13 

49 

SC5 

ES 

13 

49 

32.7 

13 

49 

ASC 

IPG 

13 

49 

11.1 

13 

49 

ASO 

IS 

13 

49 

19.5 

13 

49 

AoB 

IPG 

13 

49 

12. C 

13 

49 

ASB 

IS 

13 

49 

20.8 

13 

49 

ASC 

IPG 

13 

49 

12.6 

13 

49 

ASC 

IS 

13 

49 

21.6 

13 

49 

ANA 

IPG 

13 

49 

16.9 

13 

49 

ANA 

IS 

13 

49 

29.3 

13 

49 

SS! 

IPG 

13 

49 

13.8 

13 

49 

SSI 

IS 

13 

49 

22.2 

13 

49 

STANDARD  DEVIATION  =  0.75  SEC 

TIME 


13.3 

RES 

-0.97 

SEC 

24.5 

R  S 

K 

1.28 

SEC 

14.2 

RES 

X 

-0.61 

SEC 

20.1 

RES 

X 

0.81 

SEC 

32.2 

RES 

s 

0.28 

SEC 

11.1 

RES 

X 

-0.67 

SEC 

19.5 

RES 

X 

0.62 

SEC 

12.0 

RES 

X 

-0.66 

SEC 

20.8 

RES 

X 

0.37 

SEC 

12.6 

RES 

X 

-0.69 

SEC 

21.6 

RES 

X 

0.08 

SEC 

16.9 

RES 

X 

-1.05 

SEC 

29.4 

RES 

r 

-0.20 

SEC 

13.9 

RES 

X 

0.79 

SEC 

22.3 

RES 

X 

1.08 

SEC 

OCT  3,  1969 
H  =  14  52  36.9 
LATITUDE  =  51.439  N 

LCNGITUCE  =  179.262  E 

DEPTH  =  8  KM 

NUMBER  CF  PHASES  USED  =  9  STANDARD  DEVIATION 

COHR.  TIME  RAW  TIME 


0.66  SEC 


SC6 

EP 

14 

52 

SC5 

EP 

14 

52 

SC5 

ES 

14 

52 

ASC 

IPG 

14 

52 

ASC 

IS 

14 

52 

ASC 

IPG 

14 

52 

ASC 

IS 

14 

52 

ASB 

IPG 

14 

52 

ASB 

IS 

14 

52 

45. 

.2 

14 

52 

45. 

.0 

47. 

.9 

14 

52 

47, 

.6 

56, 

.5 

14 

52 

56, 

.0 

38, 

.6 

14 

52 

38, 

.6 

40, 

.0 

14 

52 

40, 

,0 

40, 

.c 

14 

52 

40. 

.0 

42, 

,0 

14 

52 

42, 

.0 

39. 

,0 

14 

52 

39. 

.0 

4C. 

,5 

14 

52 

40. 

5 

RES  *  0.05  sec 
RES  *  -0.16  SEC 
RES  *  0.31  SEC 
RES  *  -0.71  SEC 
RES  *  -1.04  SEC 
RES  =  0.69  SEC 
RES  *  0.95  SEC 
RES  *  -0.44  SEC 
RES  *  -0.78  SEC 


11-59 
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Table  11-13  (Contd) 


OCT  if  1969 
H  =  13  52  38.4 
L^TITtDE  =  51.455  N 

LCNGITUCE  =  179.245  E 

DEPTH  *  9  KM 

NUMBER  CF  PHASES  USED  =  9  STANDARU  DEVIATION  =  0.67  SEC 

CQRR.  TIME  RAW  TIME 


SC8 

♦  IP 

13 

52 

44.7 

13 

52 

44.4 

RES 

Z 

0.74 

SEC 

SC6 

EP 

i3 

52 

46.6 

13 

52 

46.4 

RES 

- 

0.32 

SEC 

SC5 

ES 

13 

52 

58.0 

13 

52 

57.5 

RES 

z 

1.06 

SEC 

SC3 

♦  IP 

13 

52 

48.3 

13 

52 

47.9 

RES 

s 

-0.  18 

SEC 

SC5 

~EP 

13 

52 

49.1 

13 

52 

48.8 

RES 

z 

0.01 

SEC 

ASC 

IPG 

13 

52 

39.8 

13 

52 

39.8 

RES 

z 

-0.96 

SEC 

ANA 

IPG 

13 

52 

46.7 

13 

52 

46.7 

RES 

z 

-0.71 

SEC 

ASO 

IPG 

13 

52 

41.1 

13 

52 

41.1 

RES 

z 

-0.  14 

SEC 

ASB 

IPG 

13 

52 

4C.4 

13 

52 

40.4 

RES 

z 

-0.88 

SEC 

OCT  3i  1969 
H  ■  19  46  40,7 
U^TITUOF  ■  51|V40  N 

UONGITUPE  ^  178,082  E 

DEPTH  4  5.16  KM 

NUMREP  OF  phases  USED  ■  XI  STANDARD  DEVIATION  ■  ,34  SEC 


CORH,  TIME  haw  TIME 


S06 

EP 

15 

46 

59,4 

15 

46 

59,2 

RES  « 

-.14 

SEC 

SOS 

•IP 

15 

46 

59,9 

15 

46 

59,6 

Res  ■ 

.25 

SEC 

SOS 

ES 

15 

47 

13,1 

15 

47 

12,6 

RES  ■ 

-.41 

SEC 

S08 

E*> 

15 

47 

15 

47 

4,1 

RES  ■ 

.70 

SEC 

S03 

EP 

15 

47 

5,0 

15 

47 

4,5 

RES  • 

-,33 

SEC 

ASD 

IPG 

15 

47 

1|V 

15 

47 

1,9 

RES  ■ 

-,37 

SEC 

ASB 

IPG 

15 

47 

1|7 

15 

47 

1,7 

RES  ■ 

- ,  28 

SEC 

ASC 

IPG 

15 

47 

1,0 

15 

47 

1,0 

RES  ■ 

.02 

SEC 

ASC 

IS 

15 

47 

16,2 

15 

47 

16,2 

RES  ■ 

.38 

SEC 

ANA 

IPG 

15 

46 

58,4 

15 

46 

58,4 

RES  ■ 

.07 

SEC 

SSI 

IPG 

15 

47 

1.9 

15 

47 

2,0 

RES  ■ 

-.26 

SEC 

11-60 
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Table  11-13  (Contd) 


n 


OCT  3,  1969 
H  =  19  16  A6.A 
LATITtDE  =  51.417  N 

LCNGITULE  =  179.243  E 

DEPTH  =  5  KM 


NtMEER 

CF 

PHASES 

USED  =  8 

STANDARD 

DEVIATION 

s 

0.61 

SEC 

CCRR. 

TIME 

RAW 

TIME 

SC6 

EP 

19 

16 

54.9 

19 

16 

54.7 

RES 

S 

-0.17 

SEC 

SC6 

ES 

19 

17 

1.7 

19 

17 

1.4 

RES 

= 

0.37 

SEC 

SC5 

ES 

19 

17 

5.7 

19 

17 

5.2 

KHS 

s 

0.04 

SEC 

ASC 

IPG 

19 

16 

47.7 

19 

16 

47.7 

RES 

s 

-0.92 

SEC 

ASC 

IS 

19 

16 

49.2 

19 

16 

49.2 

RES 

s 

-0.92 

SEC 

ASC 

IPG 

19 

16 

48.9 

19 

16 

48.9 

RES 

X 

0.32 

SEC 

ASO 

IS 

19 

16 

51. C 

19 

16 

51.0 

RES 

s 

0.99 

SEC 

ASB 

IPG 

19 

16 

48.1 

19 

16 

48.1 

RES 

s 

-0.30 

SEC 

0 

D 

0 

0 

0 

0 

0 


OCT  3f  1969 
H  =  19  34  7.4 

LATITUDE  =  51.4J0  N 

LCNGITUCE  =  179. 2C2  E 

DEPTH  =  6  KM 


NLMCER  CF  PHASCS  CSEO  =  IC 


Cu  R  R  . 

TIME 

RAW 

SC8 

♦  IP 

19 

34 

13. 

2 

19 

34 

SC8 

ES 

19 

34 

18. 

4 

19 

34 

SC6 

EP 

19 

34 

15. 

3 

19 

34 

SC6 

ES 

19 

34 

22. 

3 

19 

34 

SC5 

EP 

19 

34 

17. 

9 

19 

34 

SC5 

ES 

19 

34 

26. 

0 

19 

34 

ASC 

IPG 

19 

34 

S. 

4 

19 

34 

ASC 

IS 

19 

34 

9. 

9 

19 

34 

ASC 

IPG 

19 

34 

9. 

5 

19 

34 

Ase 

IPG 

19 

34 

8. 

8 

19 

34 

STANDARD 

OEVIATIGN 

0.  63 

SEC 

TIME 

12.9 

RES 

X 

-0.01 

SEC 

17.8 

RES 

X 

0.85 

SEC 

15.1 

RES 

X 

-0.33 

SEC 

22.0 

RES 

X 

0.71 

SEC 

17.6 

RES 

X 

-C..  14 

SEC 

25.5 

RES 

X 

C).  30 

SEC 

8.4 

RES 

X 

-0.86 

SEC 

9.9 

RES 

X 

-0.68 

SEC 

9.5 

RES 

X 

-0.57 

SEC 

8.8 

RES 

= 

-0.98 

SEC 

0 

0 
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Table  11-13  (Contd) 


OCT  3,  1969 
H  =  2C  8  50.4 
L4TITtDE  =  51.AC9  N 

LCNGITUCE  =  179.232  E 

DEPTH  =  5  KP 


NUMBER 

1  CF 

PHASES 

USED  =  9 

STANDARD 

DEVIATION 

= 

0.55 

SEC 

CORR. 

TIME 

RAW 

TIME 

SC6 

EP 

20 

8 

59.2 

20 

8 

59.0 

RES 

S 

0.12 

SEC 

SC6 

ES 

20 

9 

5.4 

20 

9 

5.1 

RES 

X 

-0.07 

SEC 

SC5 

EP 

20 

9 

1.2 

20 

9 

0.9 

RES 

X 

-0.  15 

SEC 

SC5 

ES 

20 

9 

9.6 

20 

9 

9.  1 

RES 

X 

0.30 

SEC 

ASC 

IPG 

20 

8 

51.7 

20 

8 

51.7 

RES 

X 

-0.82 

SEC 

ASC 

IS 

20 

8 

53.2 

20 

8 

53.2 

RES 

X 

-0.84 

SEC 

ASO 

IPG 

20 

8 

52.8 

20 

8 

52.8 

RES 

X 

0.26 

SEC 

ASO 

IS 

20 

8 

55.0 

20 

8 

55.0 

RES 

X 

1..01 

SEC 

ASB 

IPG 

20 

8 

51.8 

20 

8 

51.8 

RES 

X 

-0.36 

SEC 

OCT  4,  1969 
H  *  6  34  3.6 

LATITUDE  *  51.436  N 

LCNGITUCE  -  179.202  E 

DEPTH  *  5  KP 

NUMBER  CF  PHASES  USED  ^ 


STANDARD  DEVIATION 


0.61  SEC 


CCRR.  TIME 


RAW  TIME 


SC6 

EP 

6 

34 

11.3 

6 

34 

11.1 

RES 

X 

-0.38 

SEC 

SC6 

ES 

6 

34 

IS, 3 

6 

34 

18.0 

RES 

X 

0.76 

SEC 

SC8 

ES 

6 

34 

14.5 

6 

34 

13.9 

RES 

X 

0.77 

SEC 

SC5 

EP 

6 

34 

14.2 

6 

34 

13.9 

RES 

K 

-0.05 

SEC 

SC5 

ES 

6 

34 

22.3 

6 

34 

21.8 

RES 

X 

0.27 

SEC 

SC  3 

ES 

6 

34 

21.4 

6 

34 

20.6 

RES 

X 

0.02 

SEC 

ASC 

IPG 

6 

34 

4.5 

6 

34 

4.5 

RES 

X 

-0.68 

SEC 

ASC 

IS 

6 

34 

6.0 

6 

34 

6.0 

RES 

X 

-0.32 

SEC 

ASC 

IPG 

6 

34 

5.6 

6 

34 

5.6 

RES 

X 

-0.61 

SEC 

ASB 

IPG 

6 

34 

4.7 

6 

34 

4.7 

RES 

X 

-1.16 

SEC 

11-62 
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Table  11-13  (Contd) 


OCT  A,  1969 

H  =  7  33  1A.0 

LATITLOE  =  51.4;i0  N 

LCNGITUCE  =  179.309  £ 

DEPTH  =  50  KP 

NLMBEK  CF  PHASES  LSED  =  6 


STANDARD  DEVIATION  =  0.30  SEC 


CORK. 

TIME 

RAW  TIME 

SC8 

EP 

7 

33 

23. A 

7 

33  23.1 

RES 

S 

0.  ^7 

SEC 

SC  8 

ES 

7 

33 

29.3 

7 

33  28.7 

RES 

• 

-0.  3A 

SEC 

SC6 

EP 

7 

33 

25.3 

7 

33  25.1 

RES 

s 

0.13 

SEC 

SC6 

ES 

7 

33 

32.2 

7 

33  31.9 

RES 

S 

-0.A8 

SEC 

SC5 

EP 

7 

33 

26.6 

7 

33  26.3 

RES 

s 

-0.31 

SEC 

S  C  3 

ES 

7 

33 

36. C 

7 

33  35.5 

RES 

s 

0.27 

SEC 

0 

D 

[] 

D 


fl 


OCT  A,  1969 

H  =  e  3  25.3 

LATITUDE  =  51.176  N 

LCNGITUCE  =  178.760  E 

DEPTH  =  30  KP 

NUMBER  OF  PHASES  USED  *  9 


standard  deviation  *  0.20  SEC 


CORK.  TIME  RAW  TIME 


SC5 

-IF 

8 

3 

SC3 

♦  IP 

8 

3 

SC8 

♦  IP 

8 

3 

SC6 

EP 

8 

3 

\SC 

IPG 

8 

3 

ASD 

IPG 

8 

3 

ANA 

IPG 

8 

3 

ASB 

IPG 

8 

3 

SSI 

IPG 

8 

3 

32. A 

8 

3 

32.1 

3A.6 

8 

3 

3A.2 

37.0 

8 

3 

36.7 

38.5 

8 

3 

38.  3 

3A.3 

8 

3 

3A.3 

3A.5 

8 

3 

3A.5 

35.0 

3 

3 

35.0 

33.8 

8 

3 

33.8 

A2.3 

8 

3 

A2.A 

RES  *  0.23  SEC 
RES  *  -0.06  SEC 
RES  *  0.28  SEC 
RES  *  0.26  SEC 
RES  *  0.21  SEC 
RES  *  -0.23  SEC 
RES  =  -0.22  SEC 
RES  =  O.OA  SEC 
RES  *  -0.05  SEC 


1] 

0 

0 


0 
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T^ble  11-13  (Contd) 


OCT  4,  1969 
H  *  8  57. C 

L4TITL'0E  *  51.382  N 

LCNGITUCE  *  179. CA9  E 

DEPTH  =  2  KM 


NLMBER 

CF 

PHASES  USED  =  6 

STANDARD 

DEVIATION 

X 

00 

• 

o 

SEC 

CORK. 

TIME 

RAW 

TIME 

SCb 

ES 

8  42 

1C. 3 

6 

42 

9.7 

RES 

s 

0.01 

SEC 

S08 

EP 

8  42 

4.6 

6 

42 

4.3 

RES 

= 

-0.02 

SEC 

ASC 

IPG 

8  41 

59.8 

8 

41 

59.8 

RES 

X 

0.  15 

SEC 

ASC 

IS 

8  42 

1.2 

8 

42 

1.2 

RES 

9 

-0.38 

SEC 

ASO 

IPG 

8  42 

I. I 

8 

42 

1.  1 

RES 

s 

-0.20 

SEC 

ASB 

IPG 

8  42 

O.I 

8 

42 

0.1 

RES 

X 

0.03 

SEC 

OCT 

4. 

1969 

H  * 

9  6 

25.3 

LATITCOE 

*  51. 

419 

N 

LCNGITUCE 

=  179 

•  168  E 

DEPTH 

2  KM 

NUMBER  CF 

PHASES 

USED  *  8 

STANDARD 

DEVIATION 

S 

0.42 

SEC 

CORR. 

TIME 

RAH 

TIME 

SC8 

IP 

9 

6 

31.4 

9 

6 

31.1 

RES 

X 

-0.02 

SEC 

SC6 

EP 

9 

6 

33.4 

9 

6 

33.2 

RES 

X 

-0.24 

SEC 

SC6 

FS 

9 

6 

4C.6 

9 

6 

40.3 

RES 

X 

0.91 

SEC 

SOS 

4EP 

9 

b 

35.6 

9 

6 

35.3 

RES 

X 

0.22 

SEC 

ASC 

IPG 

9 

6 

26.5 

9 

6 

26.5 

RES 

X 

-0.16 

SEC 

ANA 

IPG 

9 

6 

33.3 

9 

6 

33.3 

RES 

X 

-0.50 

SEC 

ASD 

IPG 

9 

6 

27.7 

9 

6 

27.7 

RES 

X 

-0.37 

SEC 

ASB 

iPG 

9 

6 

27.0 

9 

6 

27.0 

RES 

X 

-0.31 

SEC 

I 
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Table  U-13  (Contd) 


0 


n 


[] 

n 

0 

D 

0 

0 


0 


Q 

0 

G' 


0 

0 


OCT  A,  1969 
H  =  22  14  31.9 
LATITLDE  =  51.24ft  N 

LCNGITUCE  =  178.944  E 

DEPTH  =  4C  KH 

NCHBEft  CF  PHASES  LSED  *  13  STANDARD  DEVIATION  = 


CORK. 

T  IME 

RAW 

TIME 

SC5 

-EP 

22 

14 

41.3 

22 

14 

41.0 

RES  « 

SC6 

SCft 

-IP 

ES 

22 

22 

14 

14 

42.1 
50.  1 

22 

22 

14 

14 

41.0 

49.5 

RES  = 
RES  « 

C 

r 

SC6 

♦  IP 

22 

14 

44.0 

22 

14 

43.8 

RES  s 

V 

f 

SC6 

ES 

22 

14 

53.0 

22 

14 

52.7 

RES  s 

V 

r 

SS  I 

IPG 

22 

14 

46.6 

22 

14 

46.7 

RES  s 

-0 

SSI 

I S 

22 

14 

58.2 

22 

14 

58.3 

RES  « 

n 

ASC 

IPG 

22 

14 

39.9 

22 

14 

39.9 

RES  s 

w 

-0 

A  SC 

IS 

22 

14 

45.8 

22 

14 

45.8 

RES  s 

w 

— n 

ANA 

ANA 

IPG 

lo 

22 

22 

14 

14 

41.9 

48.1 

22 

22 

14 

14 

41.9 

48.2 

RES  * 
RES 

w 

-0 

-1 

ASO 

ASB 

IPG 

IPG 

22 

22 

14 

14 

4C.  1 
39.3 

22 

22 

14 

14 

40.  1 
39.3 

RES  * 
RES  * 

-0 

-0 

OCT 

5,  1969 

H  s  1C  22 

43. 

5 

:.AUTUDE  = 

51.1 

.97 

N 

LCNOI 

TULE 

s 

178. 

.866 

'  E 

DEPTH 

= 

24 

KM 

NL-HEER  CF 

PHASES 

LSED  =  9 

STANDARD 

DEVIATION  * 

0. 

CCRR. 

TIME 

RAW  T 

IME 

SC5 

ES 

1C 

22 

55.5 

10 

22 

55.0 

PES  = 

— n 

SC6 

EP 

10 

22 

55.6 

10 

22 

55.4 

RES  « 

— n 

SC6 

ASC 

ASC 

ES 

IPG 

IS 

1C 

10 

10 

23 

22 

22 

4.5 

51.6 

57.1 

10 

IC 

10 

23 

22 

22 

4.2 

51.6 

57.1 

RES  * 
RES  X 
RES  X 

w  • 

-0. 

-0. 

— 

AS6 

IPG 

1C 

22 

50.7 

10 

22 

50.7 

RES  X 

w  • 

ASB 

E  S 

1C 

22 

55.9 

10 

22 

55.9 

RES  s 

w  • 

n 

ASC 

CPG 

1C 

22 

51.2 

10 

22 

51.2 

RES  = 

u  • 

n 

ASC 

IS 

1C  , 

22  ! 

56.7 

10 

22 

56.7 

RES  X 

w  • 

-0. 

0 


U-65 


.51  SEC 


).61  SEC 
).04  SEC 
>.67  SEC 
>.22  SEC 
1.66  SEC 
1.30  SEC 
.25  SEC 
.22  SEC 
.26  SEC 
.13  SEC 
.20  SEC 
.38  SEC 
.52  SEC 


18  SEC 


19  SEC 
09  SEC 
02  SEC 
06  SEC 
48  SEC 
03  SEC 
02  SEC 
04  SEC 
03  SEC 
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Table  11-13  (Contd) 


OCT  5i  1969 
H  «  16  31  16,4 
LATITUDE  ■  51, 171  N 

UONr.jTUOE  »  179,34f»  E 

depth  ■  24  KM 


NUMBER  OF 

phases 

use;;  1  11 

STANDARD 

deviation 

CORK, 

TIME 

Haw 

TIME 

ASO 

{PC 

16 

31 

22,8 

16 

31 

22,8 

pes 

ASD 

15 

16 

31 

24,3 

16 

31 

24,3 

Res 

ASB 

IPC 

16 

31 

22,7 

16 

31 

22,7 

W 

RES 

ASB 

IS 

16 

31 

24,5 

16 

31 

24,5 

Res 

ASC 

IPC 

16 

31 

24,0 

16 

31 

24,0 

RE'S 

SSI 

IPC 

16 

31 

30,6 

16 

31 

30,7 

Res 

S08 

IP 

16 

31 

23,5 

16 

31 

23,2 

Res 

S08 

ES 

16 

31 

28,4 

16 

31 

27,8 

Res 

SOS 

E(P> 

16 

31 

27,7 

16 

31 

27,4 

RES 

SD5 

ES 

16 

31 

36,5 

16 

31 

36,0 

Res 

$06 

ES 

16 

31 

38,7 

16 

31 

38,4 

RES 

1,11  S^C 


i?2  SFC 
'2|76  sec 
i38  SEC 
•2,11  SFC 
,0a  SEC 
-|36  sec 
•55  SEC 
•62  SEC 
•i28  SEC 
•11  SEC 
•60  SEC 


OCT  5,  1969 
H  *  20  59  17.5 
LATITtOE  *  51.363  N 

LONGITUDE  *  178.852  E 

DEPTH  *  45  KM 

NUMBER  CF  PHASES  USED  =  16  STANDARD  DEVIATION  *  0.55  SEC 

CORK.  TIME  "iAW  TIME 


S05 

♦  IP 

20 

59 

SC5 

ES 

20 

59 

SC8 

-IP 

20 

59 

S08 

ES 

20 

59 

SC6 

EP 

20 

59 

SC6 

ES 

20 

59 

SC3 

EP 

20 

59 

ASO 

IPG 

20 

59 

ASB 

IPG 

20 

59 

ASB 

IS 

20 

59 

ASC 

IPG 

20 

59 

ASC 

IS 

20 

59 

AKA 

IPG 

20 

59 

AKA 

IS 

20 

59 

SSI 

IPG 

20 

59 

SSI 

IS 

20 

59 

26.4  20  59  26.1 

33.3  20  59  32.8 

28.4  20  59  28.1 

37.1  ZO  59  36.5 

28.6  20  59  28.4 

37.1  20  59  36.8 

28.8  20  59  28.4 

26.4  20  59  26.4 

25.7  20  59  25.7 

32.1  20  59  32.1 

25.7  20  59  25.7 

31.8  20  59  31.8 

26.3  20  59  26.3 

31.6  20  59  31.7 

31.8  20  59  31.9 

42.3  20  59  42.4 


RES 

X 

0.18 

SEC 

RES 

0.90 

SEC 

RES 

s 

-O.IO 

SEC 

RES 

X 

0.65 

SEC 

RES 

X 

0.18 

SEC 

RES 

X 

0.81 

SEC 

RES 

X 

-0.02 

SEC 

RES 

r* 

-0.39 

SEC 

RES 

X 

-0.50 

SEC 

RES 

X 

-0.35 

SEC 

RES 

X 

-C.24 

SEC 

RES 

X 

-0.21 

SEC 

RES 

X 

-0.33 

SEC 

RES 

X 

-1.45 

SEC 

RES 

X 

-0.11 

SEC 

RES 

X 

-0.13 

SEC 
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Table  11-13  (Contd) 


CCr  5,  1969 
=  -21  11  1C. 2 
L/iTiTLOE  =  bl.ai'^ 
LCNGITUCE  =  178.i,b0 

depth  =  136  KP 


N 

E 


NUMBER  CF  PHASES  L?tD  = 


STANDARD  DEVIATION 


CCRR.  TIME 


RAW  TIME 


0.31  .<:ec 


SC6  es 

SC5  £S 
ASC  IPG 
ASC  IS 
ASP  EPG 
ASe  ES 
SC6  EF 


^1  11  43.6 
21  11  44.6 
21  11  31.2 
21  11  46.8 
21  11  31.4 
21  11  47.3 
21  11  29.9 


21  11  43.3 
21  11  44.1 
21  11  31.2 
21  11  46.8 
21  11  31.4 
21  11  47.3 
21  11  29.7 


RtS  *  -0.31  SEC 
RES  *  -0.09  SEC 
RES  s:  -0.27  SEC 
RfS  *  -0.21  SEC 
^HS  *  0.11  SEC 
RES  *  0.62  SEC 
RES  *  0.23  SEC 


OCT  5,  1969 
H  =  21  17  47.2 
Latitude  *  51.174  n 

LCNGIfUCE  *  178.798  E 

DEPTH  =  20  KM 

NUMBER  CF  PHASES  USED  =  U 


STANDARD  DEVIATION 


CCRR.  TIME 


RAW  TIME 


0.51  SEC 


SC5  4EP 
SC5  CS 
SC6  EP 
SC6  Es 
ASD  IPG 
ASP  IPG 
ASC  IS 
ASC  tPG 
ftSC  ES 
4NA  EPG 
I  S 


21 

17 

53.7 

21 

17 

58.8 

21 

17 

59.7 

21 

IH 

9.6 

21 

17 

56. C 

21 

17 

55.2 

21 

13 

C.l 

21 

17 

55.7 

21 

10 

1.2 

21 

17 

56.2 

21 

18 

1.1 

21 

1  7 

53.4 

21 

17 

58.3 

21 

17 

59.5 

21 

IP 

9.3 

21 

17 

56.0 

21 

17 

55.2 

21 

IP 

0.1 

21 

17 

55.7 

21 

IP 

1.2 

21 

17 

56.2 

21 

19 

1.1 

RES  *  0.10  SEC 
RES  *  0.59  SEC 
RES  s  -0.08  SEC 
RES  *  0.60  SEC 
RES  =  0.10  SEC 
RES  =  0.33  SEC 
RES  =  -0.36  SEC 
RES  *  0.38  SEC 
RES  =  -0.C2  SEC 
RES  *  -0.62  SEC 
RES  *  -1.17  SEC 
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Table  11-13  (Contd) 


OCT  6,  1969 
H  =  8  43  51.1 

L4TITl.DE  *  5i.6C0  N 

LCNGITUCE  =  179. C30  E 

DEPTH  =  118  KM 


NLMBEfl 

1  CF 

PHASES 

USED  =  9 

STANDARD 

DEVIATION 

s 

0.66 

SEC 

CORR. 

TIME 

RAW 

TIME 

SC8 

EP 

8 

44 

9.4 

8 

44 

9.  1 

RES 

s 

0.81 

SEC 

SC8 

ES 

8 

44 

20.5 

8 

44 

19.9 

RES 

s 

-0.98 

SEC 

SC6 

ES 

8 

44 

19.6 

8 

44 

19.3 

RES 

s 

-0.  19 

SEC 

ASD 

EPG 

8 

44 

7.2 

8 

44 

7.2 

RES 

s 

-0.80 

SEC 

ASD 

ES 

8 

44 

20.4 

8 

44 

20.4 

RES 

= 

0.04 

SEC 

ASB 

EPG 

8 

44 

7.6 

8 

44 

7.6 

RES 

s 

-0.35 

SEC 

ASB 

ES 

8 

44 

20.7 

8 

44 

20.7 

RES 

£ 

0.43 

SEC 

ASC 

EPG 

8 

44 

7.5 

8 

44 

7.5 

RES 

X 

-0.  10 

SEC 

ASC 

ES 

8 

44 

20.8 

8 

44 

20.8 

RES 

£ 

1.12 

SEC 

OCT  6t  1969 
H  *  18  5  4.9 

L4TITL0E  X  51.545  N 


LCNGITUCE 
DEPTH  * 


*  179.107 

63  KM 


NUMBER  CF 

PHASES 

USED  *  15 

STANDARD 

DEVIATION 

£ 

0.75 

SEC 

CORR. 

TIME 

RAW 

TIME 

SC6 

EP 

18 

5 

15.4 

18 

5 

15.2 

RES 

£ 

0.  18 

SEC 

SC6 

ES 

18 

5 

24.0 

18 

5 

23.7 

RES 

£ 

1.30 

SEC 

SC8 

EP 

18 

5 

16.2 

18 

5 

15.9 

RES 

£ 

0.23 

SEC 

SOB 

ES 

18 

5 

25.3 

18 

5 

24.7 

RES 

£ 

1.16 

SEC 

SC5 

EP 

18 

5 

17.2 

18 

5 

16.9 

RES 

£ 

0.16 

SEC 

SC5 

ES 

18 

5 

26.4 

18 

5 

25.9 

RES 

£ 

0.51 

SEC 

ASD 

IPG 

18 

5 

14.7 

18 

5 

14.7 

RES 

£ 

-0.33 

SEC 

ASD 

IS 

18 

5 

20.6 

18 

5 

20.6 

RES 

£ 

-1.82 

SEC 

ASB 

IPG 

18 

5 

14.7 

18 

5 

14.7 

RES 

£ 

-0.28 

SEC 

ASB 

IS 

18 

5 

21.8 

18 

5 

21.8 

RES 

£ 

-0.53 

SEC 

AKA 

IPG 

18 

5 

15.  1 

18 

5 

15.1 

RES 

£ 

-0.47 

SEC 

ANA 

IS 

IS 

5 

22.4 

18 

5 

22.5 

RES 

X 

-0.86 

SEC 

SSI 

IPG 

18 

5 

16.7 

18 

5 

16.8 

RES 

X 

-0.53 

SEC 

SSI 

IS 

18 

5 

26.6 

18 

•  • 

26.7 

RES 

X 

0.29 

SEC 

ASC 

IS 

18 

5 

21.5 

18 

5 

21.5 

RES 

£ 

-0.02 

SEC 
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Table  11-13  (Contd) 


n 

11 


(} 

n 

0 

0 

0 

0 


CCr  6,  1969 
H  =  le  A9  37.5 
L/lT  ITtCE  =  52.0C2  N 

LCNGIT'JCE  =  178.206  E 

DEPTH  =  141  KH 

NLMBErt  CF  PHASES  LSEC  =  15  STANLARC  DEVIAIICN  = 


CCRR.  TI.VE 


SC5 

tP 

18 

49 

55.9 

SC5 

ES 

18 

50 

15.4 

SC6 

EP 

18 

49 

58.5 

SC6 

tS 

18 

50 

14.8 

see 

EP 

18 

5u 

2.P 

see 

ES 

18 

50 

21.5 

3C3 

EP 

18 

50 

4.C 

Ase 

IPG 

16 

50 

G.5 

ASC 

IPG 

18 

49 

59.5 

ASC 

ES 

18 

50 

16.9 

ANA 

IPG 

13 

49 

58. C 

ANA 

IS 

18 

5C 

11.9 

SSI 

IPG 

18 

50 

C.5 

ASD 

IPG 

18 

50 

1.1 

ASC 

IS 

18 

50 

17.6 

RAW  TIME 


la 

49 

59.6 

RES 

s 

le 

5C 

14.9 

RES 

s 

18 

45 

58.7 

RES 

s 

18 

5C 

14.5 

RES 

s 

18 

5C 

2.5 

RES 

s 

18 

5C 

20.9 

RES 

s 

18 

5C 

3.6 

RES 

s 

18 

SC 

0.9 

RES 

s 

13 

45 

S9.9 

RES 

s 

18 

5C 

16.9 

RES 

s 

18 

45 

58.0 

RES 

s 

IS 

5C 

12.0 

RES 

s 

13 

5C 

0.6 

RES 

X 

18 

50 

l.l 

RES 

X 

13 

5C 

17.6 

RES 

X 

n 

Q 


CCT  6f  1969 

h  =  ai  4C  49.7 

LATITLuE  =  51.2C8  N 

LCNGITUCE  =  179.47/2  E 

DEPTH.  =  22  KM 

NLHEER  CF  PHASES  LSlC  =  13 


STANDARD  DEVIATION  * 


D 


Q 

0 


0 

0 


CCRR.  TIME  RAW  TIME 


SC3 

t? 

21 

40 

54 

.5 

SCR 

EP 

21 

40 

55 

.7 

sea 

ES 

21 

41 

1 

.3 

SC6 

EP 

21 

41 

1 

.6 

SC6 

ES 

21 

41 

11 

.4 

SC5 

♦  EP 

21 

41 

2 

.7 

SC5 

tS 

21 

41 

5 

.e 

ASC 

IPG 

21 

4C 

55 

.2 

ASC 

IS 

21 

40 

59 

.6 

ASE 

IPG 

21 

40 

55 

.  1 

ASC 

IPG 

21 

4C 

56 

.6 

SSI 

IFG 

21 

41 

3 

.2 

SSI 

IS 

21 

41 

13 

.7 

21  4C  54.5  RES  * 
21  4C  55.4  RES  * 
21  41  C.7  RES  * 
21  41  1.4  R£S  X 
214111.1  RES  = 
21  41  2.4  KES  s 
21  41  9.3  RES  * 
21  4C  55.2  .  RES  * 
21  4C  59.6  .  RES  * 
21  4C  55.1  RES  = 
21  4C  56.6  RES  * 
21  41  3.3  RES  * 
21  41  13.8  RES  * 


0.50  SEC 


0.44  SEC 
0.C6  SEC 
0.21  SEC 
0.72  SEC 
0.38  SEC 
0.82  SEC 
-0.14  SEC 
-0.19  SEC 
-0.28  SEC 
0.25  SEC 
-0.00  SEC 
-0.96  SEC 
0.24  SEC 
0.19  SEC 
0.97  SEC 


0.74  SEC 


0.87  SEC 
0.39  SEC 
1.89  SEC 
0.35  SEC 
0.57  SEC 
0.67  SEC 
1.12  SEC 
0.22  SEC 
0.C6  SEC 
0.35  SEC 
0.50  SEC 
0.32  SEC 
0.06  SEC 
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Table  11-13  (Contd) 


OCT  7,  1969 

K  =  2  10  8.5 

LATITUDE  *  51.3C2  N 

LCNGITUCE  *  178.816  E 

DEPTH  =  31  KM 

NLMBER  CF  PHASES  LSED  =  13 

CORK.  TIME 


S05 

-IP 

2 

10 

15.1 

SC3 

IP 

2 

10 

17.3 

SC6 

EP 

2 

10 

20. C 

S06 

E(S) 

2 

10 

29.4 

SC8 

E(P) 

2 

10 

21,0 

SC8 

E(S) 

2 

10 

27.0 

ASO 

IPG 

2 

10 

16.2 

AS6 

IPG 

2 

10 

15.5 

ASC 

IPG 

2 

10 

15.7 

ASC 

IS 

2 

10 

22.1 

ANA 

IPG 

2 

10 

16.2 

SSI 

IPG 

2 

10 

22.7 

SSI 

IS 

2 

10 

33.8 

STANDARD  DEVIATION  =  1.03  SEC 


RAW  TIME 


2  10  IA.8 
2  IC  16.9 
2  1C  19.8 
2  IC  29.1 
2  1C  20.7 
2  IC  26.4 
2  1C  16.2 
2  1C  15.5 
2  1C  15.7 
2  1C  22.1 
2  10  16.2 
2  1C  22.8 
2  io  33.9 


RES  =  -0.20  SEC 
RES  =  -1.17  SEC 
RES  =  0.66  SEC 
RES  =  2.09  SEC 
RES  *  2.15  SEC 
RES  =  0.40  SEC 
RES  =  -0.53  SEC 
RES  *  -0.37  SEC 
RES  =  -0.06  SEC 
RES  =  0.93  SEC 
RES  *  -0.53  SEC 
RES  *  -0.76  SEC 
RES  *  -0.77  SEC 


OCT  7,  1969 
H  *  2  36  39. C 

LATITUDE  *  51.265  N 

LCNGITUCE  »  178.806  E 

DEPTH  *  39  KM 

NUMBER  CF  PHASES  US^D  10  STANDARD  DEVIATION  «  0.24  SEC 


CORK.  TIME  RAW  TIME 


SC5 

-EP 

2 

36 

47.0 

2 

36 

46.7 

RES 

S 

0.26 

SEC 

SC5 

ES 

2 

36 

52.5 

2 

36 

52.0 

RES 

s 

0.  12 

SEC 

SC3 

EP 

2 

36 

49.0 

2 

36 

48.6 

RES 

-0.30 

SEC 

ASC 

IPG 

2 

36 

48.2 

2 

36 

48.2 

RES 

* 

-0.04 

SEC 

ASO 

ES 

2 

36 

53.0 

2 

36 

55.0 

RES 

z 

0.03 

SEC 

ASB 

IPG 

2 

36 

47.5 

2 

3<i 

47.5 

RES 

* 

0.03 

SEC 

ASC 

IPG 

2 

36 

47.5 

2 

36 

47.5 

RES 

-0.01 

SEC 

ANA 

IPG 

2 

36 

48.1 

2 

36 

48.  1 

RES 

s 

-0.34 

SEC 

ANA 

IS 

2 

36 

54.7 

2 

36 

54.8 

RES 

* 

-0.53 

SEC 

SSI 

IPG 

2 

36 

54.4 

2 

36 

54.5 

RES 

z 

-0.03 

SEC 
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Table  11-13  (Contd) 


OCT  7,  1969 

H  =  li»  2  36.8 

L/»TITtCE  =  51.183  N 

LCNGITUCE  =  178.863  E 

DEPTH  =  22  KH 

NtMHER  CF  PHASES  LSEO  =  6 


CCRR. 

TIME 

SC5 

E(P| 

12 

2 

44.5 

SC5 

ES 

12 

2 

47. C 

SC6 

E(P} 

12 

2 

48.8 

ASB 

IPG 

.  12 

2 

43.3 

ASB 

IS 

12 

2 

49.9 

SC6 

ES 

12 

2 

58. A 

OCT  7,  1969 

H  =  13  31  2C.S 

LATITtOE  =  51.125  N 

LCNGITUCE  =  179.923  E 

DEPTH  =  28  KH 

NUMBER  CF  PHASES  tSbO  =  9 


CCRR.  TIME 


SC6 

EP 

13 

31 

37.2 

SC5 

EP 

13 

31 

36,7 

SC5 

ES 

13 

31 

51.3 

ASD 

IPG 

13 

31 

30.5 

ASB 

IPG 

13 

31 

30.9 

ASC 

IPG 

13 

31 

32.5 

AAA 

EPG 

13 

31 

37.6 

SSI 

IPG 

13 

31 

36.1 

SSI 

IS 

13 

31 

47.9 

STANDARD 

DEVIATION 

s 

RAW  TIME 

12  2  44.2 

RES 

S 

12  2  46.5 

RES 

s 

12  2  48.6 

RES 

s 

12  2  43.3 

RES 

s 

12  2  49.9 

RES 

s 

12  2  58.1 

RES 

X 

STANDARD 

DEVIATION 

= 

RAW 

TIME 

13  31 

37.0 

RES 

13  31 

38.4 

RES 

s 

13  31 

50.8 

RES 

s 

13  31 

30.5 

RES 

X  « 

13  31 

30.9 

RES 

X 

13  31 

32.5 

RES 

s 

13  31 

37.6 

RES 

s 

13  31 

36.2 

RES 

13  31 

48.0 

RES 

X 

0 

0 

Q 


0.90  SEC 


0.79  SEC 
-1.75  SEC 
-0.29  SEC 
-0.61  SEC 
0.80  SEC 
0.37  SEC 


0.37  SEC 


0.49  SEC 
0.38  SEC 
0.25  SEC 
0.09  SEC 
0.20  SEC 
0.19  SEC 
0.73  SEC 
0.13  SEC 
0.38  SEC 
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Table  11-13  (Contd) 


OCr  7,  1969 
H  =  22  12  42.3 
L/»TITUDE  *  51.198  N 

LCNGITUOE  =  179.955  E 

DEPTH  =  25  KM 


NUMBER  CF 

PHASES 

USED  *  9 

STANDARD 

DEVIATION 

S 

0.50 

SEC 

CCftR. 

TIME 

HAW 

TIME 

SC8 

♦  IP 

22 

12 

50.5 

22 

12 

50.2 

RES 

X 

1.25 

SEC 

$03 

-IP 

22 

12 

51.6 

22 

12 

51.2 

RES 

s 

0.11 

SEC 

SC6 

♦  IP 

22 

12 

58.0 

22 

12 

57.8 

RES 

s 

0.61 

SEC 

SC5 

-EP 

22 

12 

59.8 

22 

12 

59.5 

RES 

X 

-0.04 

SEC 

ASO 

IPG 

22 

12 

51.4 

22 

12 

51.4 

RES 

X 

-0.17 

SEC 

ASB 

IPG 

22 

12 

51.9 

22 

12 

51.9 

RES 

s 

-0.34 

SEC 

ASC 

IPG 

22 

12 

53.6 

22 

12 

53.6 

RES 

X 

-0.13 

SEC 

AKA 

IPG 

22 

12 

59.5 

22 

12 

59.5 

RES 

X 

0.11 

SEC 

SSI 

IPG 

22 

12 

56.1 

22 

12 

56.2 

RES 

X 

-0.39 

SEC 

OCT  6}  1969 

H  s  10  8  5,4 

UATITUOE  P  50,943  N 
LONGITUDE  •  178,476  E 

DEPTH  ■  40  KM 

NUMRER  OF  PHASES  USED  •  13 

CORR,  TIME 

Raw 

STANDARD 

TIME 

deviation  ■ 

1,16 

SEC 

SC5 

PIP 

10 

d 

10 

a 

14,1 

RES  ■ 

^.45 

SEC 

S05 

ES 

10 

8 

22,3 

10 

8 

21.8 

RES  ■ 

.92 

SEC 

S03 

E(P) 

10 

8 

17.’ 

10 

8 

17,5 

RES  ■ 

.70 

SEC 

S03 

ES 

10 

8 

28,1 

10 

8 

27,3 

RES  ■ 

2,14 

SEC 

SOB 

EP 

10 

8 

20,6 

10 

8 

20,3 

RES  ■ 

-,18 

SEC 

S08 

E(S) 

10 

8 

32,7 

10 

8 

32.1 

RES  P 

,56 

SEC 

506 

EP 

10 

8 

22,3 

10 

6 

22.1 

RES  « 

-,07 

SEC 

$06 

ES 

10 

0 

36,6 

10 

8 

36,3 

Res  ■ 

1,84 

SEC 

ASD 

IPG 

10 

8 

18,0 

10 

8 

18,0 

Res  ■ 

"‘1,25 

SEC 

ASD 

IS 

10 

8 

27,9 

10 

8 

27,9 

RES  « 

*1,48 

SEC 

ASB 

IPG 

10 

8 

17,1 

10 

8 

17.1 

RES  ■ 

*1,26 

SEC 

ASB 

IS 

10 

8 

26,2 

10 

8 

26,2 

RES  ■ 

•1,66 

SEC 

SSI 

IPG 

10 

8 

26,1 

10 

8 

26,2 

RES  ■ 

.05 

SEC 
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Table  11-13  (Contd) 


OCT  8,  19<S9 


H  * 

11  *2 

45 

•  2 

LATITUDE  ■ 

51. 

4A0 

N 

in\n 

ru^E 

s 

178 

.717  E 

UePTH  « 

29 

KM 

NUr^p^W  nF 

phases 

USED  *  9 

STA^DAKD 

DEVIATION' 

s 

.45 

SEC 

CORH, 

time 

Haw 

TIME 

305 

41P 

11 

42 

51,6 

11 

42 

51,3 

RES 

■ 

.11 

SEC 

soe 

IP 

11 

^2 

57,0 

11 

42 

56,7 

RES 

B 

.55 

SEC 

306 

♦IP 

11 

42 

55,0 

11 

42 

54,6 

RES 

S 

.46 

SEC 

303 

-IP 

11 

42 

57,1 

11 

42 

56,7 

RES 

e 

-.19 

SEC 

SSI 

IPC 

11 

42 

59,1 

11 

42 

59,2 

RES 

B 

-.23 

SEC 

ASC 

IPG 

11 

42 

52,7 

11 

42 

52,7 

RES 

B 

.31 

SEC 

ana 

IPG 

11 

42 

51,0 

11 

42 

51,0 

RES 

8 

-.37 

SEC 

ASU 

IPG 

11 

42 

53,2 

11 

42 

53.2 

RES 

8 

• .  86 

SEC 

ASB 

IPC 

11 

42 

53,8 

11 

42 

53,8 

RES 

8 

.52 

SEC 

OCT 

8,  1969 

H  * 

20  51  43, 

4 

LATITUDE  = 

51. 

7C2 

N 

LCNGITUCE  = 

179 

.824  t 

DEPTH  =  88 

KM 

NUMBER  CF  PHASES 

USED  =  15 

STANDARD 

DEVIATION 

s 

0.64 

SEC 

CORK. 

TIME 

RAW 

TIME 

SC8 

CP 

20 

51 

57.6 

20 

51 

57.3 

RES 

0.  34 

SEC 

sea 

ES 

20 

52 

7.7 

20 

52 

7.1 

RES 

* 

0.33 

SEC 

SC6 

♦  IP 

20 

51 

58.3 

20 

51 

58.  1 

RES 

s 

0.42 

SEC 

SC6 

ES 

20 

52 

9.7 

20 

52 

9.4 

RES 

5= 

1.33 

SEC 

SC5 

EP 

20 

52 

2.7 

20 

52 

2.4 

RES 

n 

0.11 

SEC 

SC5 

ES 

20 

52 

16.9 

20 

52 

16.4 

RES 

= 

0.41 

SEC 

SC3 

ES 

20 

52 

14.5 

20 

52 

13.7 

RES 

S 

0.98 

SEC 

ASD 

IPG 

20 

51 

57.3 

20 

51 

57.3 

RES 

3S 

-0.50 

SEC 

ASC 

IS 

20 

52 

7.6 

20 

52 

7.6 

RES 

s 

-0.60 

SEC 

ASB 

IPG 

20 

51 

57.9 

20 

51 

57.9 

RES 

X 

-0.36 

SEC 

ASO 

IS 

20 

52 

8.0 

20 

52 

8.0 

RES 

* 

-l.OO 

SEC 

ANA 

IPG 

20 

52 

G.  1 

?0 

52 

0.1 

RES 

s 

-0.31 

SEC 

ANA 

I*; 

20 

52 

12.4 

20 

52 

12.5 

RES 

s 

-0.27 

SEC 

ASC 

EPG 

20 

51 

57.8 

20 

51 

57.8 

RES 

= 

-0.35 

SEC 

ASC 

IS 

20 

52 

7.9 

20 

52 

7.9 

RES 

s 

-0.89 

SEC 
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Table  U-13  (Contd) 


OCT  9,  1969 
H  *  2  9  28.7 

LATITtOE  *  51.482  N 

LCNGITUCE  s  178.786  E 
DEPTH  *  61  KM 

NIMBER  CF  PHASES  LSED  *  15  STANDARD  DEVIATION  *  0.74  SEC 


CORK. 

TIME 

RAW 

T  IME 

S05 

EP 

2 

9 

39.2 

2 

9 

36.9 

RES 

£ 

0.  32 

SEC 

SC5 

ES 

2 

9 

46.9 

2 

9 

46.4 

RES 

£ 

0.57 

SEC 

SC6 

EP 

2 

9 

4C.C 

2 

9 

39.8 

RES 

£ 

0.28 

SEC 

SC6 

ES 

2 

9 

49.4 

2 

9 

49.1 

RES 

s 

1.66 

SEC 

SC8 

EP 

2 

9 

41.7 

2 

9 

41.4 

RES 

£ 

0.53 

SEC 

S08 

ES 

2 

S' 

51.3 

2 

9 

50.7 

RES 

£ 

0.92 

SEC 

SC3 

E(P) 

2 

9 

42.4 

2 

9 

42.0 

RES 

£ 

0.19 

SEC 

SC3 

E(S) 

2 

9 

51.0 

2 

9 

50.2 

RES 

£ 

-1.21 

SEC 

ASD 

IPG 

2 

9 

39.3 

2 

9 

39.3 

RES 

£ 

-0.36 

SEC 

ASD 

IS 

2 

9 

47.4 

2 

9 

47.4 

RES 

-0.27 

SEC 

ASB 

IPG 

2 

9 

38.8 

2 

9 

38.8 

RES 

£ 

-0.46 

SEC 

SSI 

IPG 

2 

9 

42.4 

2 

9 

42.5 

RES 

£ 

-0.54 

SEC 

SSI 

IS 

2 

9 

53.2 

2 

9 

53.3 

RES 

£ 

-0.26 

SEC 

AKA 

IPG 

2 

9 

37.3 

2 

9 

37.3 

RES 

£ 

-1.05 

SEC 

AKA 

IS 

2 

9 

44.7 

2 

9 

44.8 

RES 

£ 

-0.62 

SEC 

OCT 

9,  1969 

H  * 

3  54 

26.6 

LATITLDE  * 

51. 

722 

N 

LCNGITUCE 

=  178 

.890  E 

DEPTH 

s 

71  KM 

NLMUER  OF 

PHASES 

USED  =  13 

STANDARD 

DEVIATION 

£ 

0.91 

SEC 

CORK. 

TIME 

RAW 

TIME 

SC6 

E  5 

3 

54 

37.9 

3 

54 

37.7 

RES 

£ 

0.44 

SEC 

SC6 

ES 

3 

54 

46.9 

3 

54 

46.6 

RES 

£ 

1.56 

SEC 

SC8 

EP 

3 

54 

4C.7 

3 

54 

40.4 

RES 

£ 

0.23 

SEC 

SC8 

ES 

3 

54 

51.4 

3 

54 

50.8 

RES 

£ 

0.72 

SEC 

SC5 

EP 

3 

54 

39.8 

3 

54 

39.5 

RES 

£ 

0.06 

SEC 

SC5 

ES 

3 

54 

49.5 

3 

54 

49.0 

RES 

£ 

0.  18 

SEC 

SC3 

E(S) 

3 

54 

56.4 

3 

54 

55.6 

RES 

£ 

1.37 

SEC 

ASD 

IPG 

3 

54 

38.3 

3 

54 

38.3 

RES 

£ 

-0.99 

SEC 

ASD 

IS 

3 

54 

47.1 

3 

54 

47.1 

RES 

£ 

-1.45 

SEC 

ASB 

IPG 

3 

54 

38.2 

3 

54 

38.2 

RES 

£ 

-0.99 

SEC 

ASB 

IS 

3 

54 

47.2 

3 

54 

47.2 

RES 

£ 

-1.13 

SEC 

AKA 

IPG 

3 

54 

37.4 

3 

54 

37.4 

RES 

£ 

-0.  19 

SEC 

AKA 

IS 

3 

54 

45.3 

3 

54 

45.4 

RES 

£ 

-0.21 

SEC 

n-74 
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Table  U-13  (Contd) 


OCT  9,  1969 
H  =  13  16  ^4.6 
L4TITLDE  =  51.535  N 

LCNGITUCE  =  179.5fi2  W 

DEPTH  =  70  KM 

NLMBEP  CF  PHASES  USED  =  11  STANDARD  DEVIATION  =  0.36  SEC 


C  C  R  H  . 

TIME 

RAW 

TIME 

sen 

EP 

13 

16 

58.5 

li 

16 

58.2 

RES  = 

0.36 

SEC 

S  C  8 

ES 

13 

17 

8.7 

13 

17 

8.1 

RES  = 

0.61 

SEC 

ASD 

IPG 

13 

16 

59.3 

13 

16 

59.3 

RES  = 

-0.45 

SEC 

ASD 

IS 

13 

17 

1C.2 

13 

17 

10.2 

RES  * 

-0.58 

SEC 

ASB 

IPG 

13 

17 

0.3 

13 

17 

0.3 

RES  * 

-0.  18 

SEC 

A  SB 

IS 

13 

17 

11.9 

13 

17 

11.9 

RES  * 

-0.  14 

SEC 

ASC 

IPG 

1 J 

17 

0.5 

13 

17 

0.5 

RES  * 

-0.41 

SEC 

AKA 

IPG 

13 

17 

4.9 

13 

IT 

4.9 

RES  * 

0.11 

SEC 

AKA 

I  S 

13 

17 

19.4 

13 

17 

19.5 

RES  * 

-0.02 

SEC 

SSI 

IPG 

13 

16 

58.9 

13 

16 

59.0 

RES  * 

-0.07 

SEC 

SSI 

I S 

13 

17 

9.2 

13 

17 

9.3 

RES  * 

-0.32 

SEC 

OCT 

9,  1969 

H  = 

23  11 

0. 

9 

LATITUDE  = 

51.616 

N 

LCNGITUCE 

179, 

153  W 

DEPTH  = 

72 

KM 

NUMBER  CF 

PHASES 

USED  =  9 

STANDARD 

DEVIATION  * 

0.62 

SEC 

CORK. 

TIME 

RAW  TIME 

SSI 

EPG 

23 

11 

17.7 

23 

11 

17.8 

RES  * 

0.09 

SEC 

SSI 

ES 

23 

11 

29.1 

23 

11 

29.2 

RES  * 

-0.72 

SEC 

SC6 

EP 

23 

11 

17.  7 

23 

1 1 

17.4 

RES  * 

0.02 

SEC 

sen 

ES 

23 

11 

29.  1 

23 

1 1 

28. 5 

RES  * 

-0.83 

SEC 

SC6 

EP 

23 

11 

20.7 

23 

1 1 

20.5 

RES  * 

-0.33 

SEC 

SC  6 

E  S 

23 

11 

37.1 

23 

1  1 

36.8 

RES  * 

1. 36 

SEC 

SC  3 

E<P  ! 

23 

11 

21.5 

23 

11 

21.1 

RES  * 

0.06 

SEC 

SC3 

EIS  ) 

23 

11 

36.8 

23 

1 1 

36.0 

RES  * 

0.32 

SEC 

SC5 

ES 

23 

11 

44.9 

23 

11 

44.4 

RES  * 

-0.43 

SEC 

11-75 
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Table  11-13  (Contd) 


OCT  10»  1969 

H  *  8  19  36.2 

LATITLOE  =  50.960  N 

LCNGITUCE  =  179.207  E 

DEPTH  *  20  KH 

NtHBER  CF  PHASES  USED  =  11 

CORK.  TIME 

AS9  IPG  8  19  A4.3 

ASB  IPG  8  19  4A.0 

ASB  IS  8  19  A9.6 

SC3  EP  8  19  41.8 

SC3  ES  8  19  47.5 

see  EP  8  19  45.5 

$08  ES  8  19  52.9 

SC5  ^EP  8  19  47.5 

SC5  ES  8  19  56.4 

SC6  EP  8  19  52.0 

SC6  ES  8  20  4.3 


OCT  10,  1969 
H  •  8  ?2  18,5 

UATITUOE  ■  51,570  N 

LONCITUOE  ■  179,539  E 

depth  ■  72  KM 

number  of  phases  used  •  14  standard  deviation  ■  ,77  SEC 


CORR, 

TIME 

HAW  TIME 

ASD 

IPC 

e 

22 

29,0 

8 

22 

29, 

0 

RES  ■ 

-,79 

SEC 

ASD 

JS 

8 

22 

37,1 

8 

22 

37, 

1 

RES  « 

-.92 

SEC 

ASB 

IPC 

8 

22 

29,4 

8 

22 

29, 

4 

RES  ■ 

-.71 

SEC 

ASB 

ts 

R 

22 

37,5 

8 

22 

37, 

5 

RES  ■ 

-1,09 

SEC 

SSI 

IPC 

R 

22 

30,7 

8 

22 

30, 

6 

RES  » 

.17 

SEC 

ASC 

IPC 

8 

22 

29,6 

8 

22 

29, 

6 

RES  ■ 

-.41 

SEC 

SOB 

IP 

8 

22 

30,0 

8 

22 

29, 

7 

RES  ■ 

,32 

SEC 

S08 

ES 

8 

22 

39,0 

8 

22 

38. 

4 

RES  ■ 

1,07 

SEC 

S06 

EP 

8 

22 

30,6 

6 

22 

30, 

4 

RES  ■ 

,03 

SEC 

3Q6 

ES 

8 

22 

39,6 

8 

22 

39, 

3 

RES  ■ 

,26 

SEC 

S03 

EP 

8 

22 

32,0 

8 

22 

31, 

6 

RES  ■ 

•I  1 76 

SEC 

SP3 

ES 

8 

22 

45,0 

8 

22 

44, 

2 

HES  • 

1.71 

SEC 

S05 

EP 

8 

22 

34,5 

a 

22 

34. 

2 

RES  • 

,33 

SEC 

S05 

ES 

8 

22 

45,4 

8 

22 

44, 

9 

RES  • 

-.19 

SEC 

STANDARD  DEVIATION  *  1.41  SlEC 

«» ' 

RAW  TIME 


8 

19 

44.3 

RES 

= 

-1.15 

SEC 

8 

19 

44.0 

RES 

X 

-0.84 

SEC 

B 

19 

49.6 

RES 

X 

-1.55 

SEC 

8 

19 

41.4 

RES 

X 

1.30 

SFC 

8 

19 

46.7 

RES 

= 

3.  74 

SEC 

8 

19 

45.2 

RES 

• 

-0.46 

SEC 

8 

19 

52.3 

RES 

s 

-0.29 

SEC 

3 

19 

47.2 

RES 

X 

-0.38 

SEC 

8 

19 

55.9 

RES 

X 

-O.Ol 

SEC 

8 

19 

51.8 

RES 

X 

0.  17 

SEC 

8 

2C 

4.0 

RES 

X 

1.09 

SEC 

\ 


Table  11-13  (Contd) 


OCT  10,  1969 
H  =  8  bA  16. A 

}  LAIITLUt  =  50.958  N 

LCNGITUCE  =  179.590  E 

DEPTH  =  27  KM 

NLf'BER  CF  PHASES  tSEC  =  12 


CORK. 

TIME 

ASD 

IPG 

8 

54 

25. 

8 

ASD 

I  S 

8 

54 

30. 

7 

ASH 

IPG 

8 

54 

25. 

5 

ASB 

IS 

8 

54 

30. 

2 

SC3 

fcP 

8 

54 

23. 

6 

SC3 

ES 

8 

54 

27. 

4 

SOP 

-IP 

8 

54 

26. 

5 

SOB 

fcS 

8 

54 

32. 

2 

SC5 

t(P) 

8 

54 

11. 

1 

SC5 

E(S) 

8 

54 

♦  3. 

7 

SC6 

EP 

8 

54 

32. 

3 

SC6 

ES 

8 

54 

47. 

5 

STANDARD 

DEVIATION 

X 

1.61 

SEC 

RAW 

TIME 

8 

54 

25.8 

RES 

s 

-0.54 

SEC 

a 

54 

30.7 

RES 

-2.82 

SEC 

a 

54 

25.5 

RES 

X 

-0.78 

SEC 

a 

54 

30.2 

RES 

X 

-3.22 

SEC 

8 

54 

23.2 

RES 

X 

1.53 

SEC 

8 

54 

26.6 

RES 

X 

1.15 

SEC 

8 

54 

26.2 

RES 

X 

1.00 

SEC 

8 

54 

31.6 

RES 

X 

0.03 

SEC 

8 

54 

30.8 

RES 

S 

-0.58 

SEC 

B 

54 

43.2 

RES 

X 

0.95 

SEC 

8 

54 

32.1 

RES 

X 

-0.80 

SEC 

a 

54 

47.2 

RES 

X 

2.31 

SEC 

OCT  10,  1969 
H  =  18  20  ^5.7 
LATITLDE  =  51.113  N 

LCNGITUCE  =  179.222  E 

DEPTH  *  3A  KP 

NUMBER  CF  PHASES  USED  =  ll  STANDARD  DEVIATION  =  0.9'»  SEC 

CCRR.  TIME  RAW  TIME 


SCJ 

CP 

18 

20 

SC3 

ts 

10 

20 

SC5 

EP 

18 

20 

SC5 

ES 

18 

21 

SC6 

EP 

18 

20 

SC6 

ES 

18 

21 

ASC 

IPG 

18 

20 

ASH 

IPG 

18 

20 

ASH 

IS 

IP 

20 

SSI 

IPG 

18 

21 

SSI 

IS 

>  8 

21 

52.6  18  20  52.2 

59.0  18  20  58.2 

56.6  18  2C  56.3 

5.0  18  21  4.5 

59.5  13  20  59. T 

IC.6  18  21  10.3 

52.9  18  20  52.9 

52.5  18  20  52.5 

57.0  10  20  57.0 

1.4  la  21  1.5 

12.9  18  21  13.0 


RES  *  0.44  SEC 
RES  *  2.00  SEC 
RES  *  -0.30  SEC 
RES  *  0-08  SEC 
RES  "  0.20  SEC 
RES  *  1.41  SEC 
RES  *  -0.74  SEC 
RES  =  -0.65  SEC 
RES  =  -1.56  SEC 
RES  *  -0.05  SEC 
RES  *  -0.16  SEC 


11-77 
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Table  11-13  (Contd) 


OCT  10,  1969 
H  =  21  31  5.6 

LATITLDE  =  51.736  N 

LCNGITUCE  ^  179. 37A  M 

DEPTH  =  95  KM  - 

NUMBER  CF  PHASES  LStO  =  11  STANDARD  DEVIATION  =  0.64  SEC 


CORK. 

TIME 

RAW 

TIME 

ASD 

IPG 

21 

31 

24.0 

21 

31 

24.0 

RES 

S 

-0.69 

SEC 

ASB 

IPG 

21 

31 

24.7 

21 

31 

24.7 

RES 

s 

-0.71 

SEC 

Ase 

IS 

21 

31 

38.6 

21 

31 

38.6 

RES 

s 

-1.24 

SEC 

SC8 

♦  IP 

21 

31 

23.4 

21 

31 

23.  1 

RES 

s 

0.07 

SEC 

SC8 

ES 

21 

31 

36.3 

21 

31 

35.7 

RES 

s 

0.02 

SEC 

SC3 

EP 

21 

31 

27.2 

21 

31 

26.8 

RES 

s 

0.11 

SEC 

SC3 

ES 

21 

31 

44.0 

21 

31 

43.2 

RES 

s 

1.  18 

SEC 

SC6 

EP 

21 

31 

25.9 

21 

31 

25.7 

RES 

X 

0.48 

SEC 

SC6 

ES 

21 

31 

4C.4 

21 

31 

40.  1 

RES 

s 

0.54 

SEC 

SC5 

£(P) 

21 

31 

31.1 

21 

31 

30.8 

RES 

St 

0.07 

SEC 

SC5 

ES 

21 

31 

49.2 

21 

31 

48.7 

RES 

X 

-0.24 

SEC 

OCT 

Ilf 

1969 

H  • 

4  51 

3,5 

lATiTUOF 

■  51, 

715 

N 

LONGITUHE 

•  178 

,470  E 

DEPTH 

« 

82  km 

number  of 

phases 

USED  •  14 

STaNOAHD 

deviation  ■ 

,73 

SEC 

CORR, 

TIME 

HAW 

TIME 

- 

sn6 

EP 

4 

51 

IM 

4 

51 

16,9 

RES  • 

,12 

SEC 

306 

ES 

4 

51 

27,8 

4 

51 

27,5 

RES  • 

•  •  • 
1,00 

SEC 

S05 

EP 

4 

51 

16,8 

4 

51 

16,5 

RES  ■ 

•  ,15 

SEC 

SOS 

ES 

4 

51 

27,1 

4 

51 

26,6 

RES  ■ 

,32 

M 

SEC 

506 

•IP 

4 

51 

21.3 

4 

51 

21,0 

RES  « 

,80 

SEC 

S06 

ES 

4 

51 

34,6 

4 

51 

34,0 

RES  « 

1,57 

SEC 

S03 

EP 

4 

51 

21,8 

4 

51 

21,3 

Res  « 

•>,30 

SEC 

S03 

ES 

4 

51 

34,8 

4 

51 

34,0 

Res  « 

•  ,85 

SEC 

ASO 

JPG 

4 

51 

18,7 

4 

51 

16,7 

RES  « 

-,30 

SEC 

ASD 

IS 

4 

51 

2V,9 

4 

51 

29,9 

RES  ■ 

•,42 

SEC 

ASB 

IPG 

4 

51 

18,3 

4 

51 

16,3 

RES  « 

•,37 

SEC 

ASB 

IS 

4 

51 

29,5 

4 

51 

29,5 

RES  • 

f  ^  » 

•  ,27 

SEC 

SSI 

EPC 

4 

51 

1^7 

4 

51 

19,6 

Res  ■ 

•f35 

SEC 

3S I 

IS 

4 

51 

30,9 

4 

51 

31,0 

RES  • 

-1.34 

SEC 

11-78 
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Table  11-13  (Contd) 


OCT  11,  1969 
H  =  16  29  12.2 
LATlTLOe  =  50.fl62  N 

LCNGITUCE  =  179.270  E 

DEPTH  =  35  KH 


NLMBER  CF  PHASES  USED  =  7 


C0R«.  TIME  RAW 


SC3 

EP 

16 

29 

19. 

5 

16 

29 

SC3 

ES 

16 

29 

2A. 

4 

16 

29 

SC0 

EP 

16 

29 

23. 

7 

16 

29 

SCR 

ES 

16 

29 

30. 

3 

16 

29 

SC6 

£(P) 

16 

29 

29. 

1 

16 

29 

SC6 

E(S) 

16 

29 

42. 

8 

16 

29 

SC5 

ES 

16 

29 

35. 

1 

16 

29 

STANDAKO  DEVIATION  =  0.99  SEC 

TIME 


19.1 

HES 

s 

0.88 

SEC 

23.6 

RES 

s 

1.00 

SEC 

23.4 

RES 

s 

0.01 

SEC 

29.7 

RES 

— 

-1.85 

SEC 

28.9 

RES 

s 

-0.  18 

SEC 

42.5 

RES 

s 

1.10 

SEC 

34.6 

RES 

s 

-0.64 

SEC 

OCT 

Ilf 

1969 

H  = 

20  42 

23. 

8 

LATITUDE 

S 

51. 

048 

N 

LCNGITUCE 

s 

179 

.564  E 

DEPTH  = 

22 

KM 

NUMBER  CF 

PHASES 

USED  =  6 

STANDARD 

DEVIATION 

S 

0.39 

SEC 

CORK. 

TIME 

RAW 

TIME 

SC3 

EP 

2C 

42 

28.4 

20 

42 

28.0 

RES 

T. 

-0.35 

SEC 

SC8 

♦  IP 

20 

42 

31.5 

20 

42 

31.2 

RES 

X 

0.30 

SEC 

SC6 

EP 

20 

42 

39.1 

20 

42 

38.9 

RES 

X 

0.22 

SEC 

SC6 

ES 

2C 

42 

49.4 

20 

42 

49.1 

RES 

X 

-0.46 

SEC 

SC5 

EP 

20 

42 

37.8 

20 

42 

37.5 

RES 

X 

-0.26 

SEC 

SC5 

ES 

20 

42 

49.0 

20 

4.. 

48.5 

RES 

X 

0.61 

SEC 

J.I-79 
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Table  11-13  (Contd) 


OCT  11,  1969 

H  =  23  2  46.5 

LATITUDE  *  52.0C1  N 

LCNGITUCE  ^  177.757  E 

DEPTH  =  109  KP 

NUMBER  CF  PHASES  USED  =  9 


STANDARD  DEVIATION  =  0.88  SEC 


CORR.  TIME  RAW  TIME 


ASD 

IPG 

23 

3 

ASD 

IS 

23 

3 

SC6 

EP 

23 

3 

SC6 

ES 

23 

3 

SC5 

EP 

23 

3 

SC5 

ES 

23 

3 

S08 

EP 

23 

3 

SC8 

ES 

23 

3 

SC3 

ES 

23 

3 

8.3 

23 

3 

8.3 

25.7 

23 

3 

25.7 

6.1 

23 

3 

5.9 

22.3 

23 

3 

22.0 

5.9 

23 

3 

5.6 

21.4 

23 

3 

20.9 

12.5 

23 

3 

12.2 

29.5 

23 

3 

28.9 

32. C 

23 

3 

31.2 

RES  *  -1.46  SEC 
RES  *  -0.94  SEC 
RES  *  -0.48  SEC 
RES  *  1.12  SEC 
RES  *  -0.25  SEC 
RES  *  1.02  SEC 
RES  *  1.18  SEC 
RES  «  -0.03  SEC 
RES  *  0.04  SEC 


OCT  11,  1969 
H  •  23  29  ,1 

latitude  »  51,200  N 

LONGITUDE  ■  178,545  E 

DEPTH  »  12  KM 


number  of 

phases 

USED  P  12 

STANDARD 

deviation 

s 

1,05 

SEC 

CORH, 

TIME 

Haw 

TIME 

ASO 

IPG 

23 

29 

10,1 

23 

29 

10,1 

RES 

a 

'»,95 

SEC 

ASD 

IS 

23 

29 

17,2 

23 

29 

17,2 

RES 

a 

•1,61 

SEC 

ASB 

IPG 

23 

29 

9|4 

23 

29 

9.4 

RES 

a 

•  1 56 

SEC 

ASB 

IS 

23 

29 

15.3 

23 

29 

15,3 

RES 

a 

•1,63 

SEC 

SSI 

IPG 

23 

29 

17,6 

23 

29 

17,7 

RES 

a 

• ,  69 

SEC 

SSI 

IS 

23 

29 

33,0 

23 

29 

33,1 

RES 

a 

1,37 

SEC 

S05 

IP 

23 

29 

5.2 

23 

29 

4,9 

Res 

a 

1,16 

SEC 

S03 

EP 

23 

29 

12,2 

23 

29 

11,8 

Res 

a 

,88 

SEC 

S08 

EP 

23 

29 

13,6 

23 

29 

13,3 

RES 

a 

,24 

SEC 

SOd 

ES 

23 

29 

23,6 

23 

29 

23,0 

RES 

e 

.49 

SEC 

S06 

EP 

23 

29 

13,4 

23 

29 

13,2 

RES 

a 

•  ,13 

SEC 

S06 

ES 

23 

29 

24,0 

23 

29 

23,7 

RES 

a 

,73 

SEC 

11-80 
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Table  11-13  (Contd) 


OCT  12,  1969 
H  =  2C  58  26.3 
L/»r  ITUDE  =  51.217  N 

LCNGITUCE  =  179. S47  M 

DEPTH  =  12C  KH 

NUMBER  CF  PHASES  USED  =  6  STANDARD  DEVIATION  =  0.23  SEC 

CCRR.  TIME  RAW  TIME 


SCR 

EP 

20 

58 

93.7 

20 

SC3 

EP 

20 

5B 

99.3 

20 

SC3 

ES 

20 

58 

58.3 

20 

SC6 

EP 

20 

58 

97.  1 

20 

SC5 

EP 

20 

58 

99. C 

20 

SC5 

ES 

20 

59 

9.9 

20 

58 

93.9 

RES  X 

0.09 

SEC 

58 

93.9 

RES  * 

-0.23 

SEC 

58 

57.5 

RES  X 

0.92 

SEC 

58 

96.9 

RES  * 

0.01 

SEC 

58 

98.7 

RES  X 

0.17 

SEC 

59 

9.9 

RES  X 

-0.26 

SEC 

OCT  13,  1969 
H  =  6  16  19.2 

LATITUDE  *  51.592  N 

LCNGITUCE  =  179.150  E 

DEPTH  =  21  KM 

NUMBER  CF  PHASES  USED  =  6  STANDARD  DEVIATION  *  0.81  SEC 

CORK.  TIME  RAW  TIME 


SC6 

EP 

6 

16 

SC6 

ES 

6 

16 

ASD 

IPG 

6 

16 

ASD 

IS 

6 

16 

ASB 

IPG 

6 

16 

ASP 

IS 

6 

16 

23.6  6  16  23.9 

30.9  6  16  30.1 

25.3  6  16  25.3 

29.9  6  16  29.9 

25.9  6  16  25.9 

29.5  6  16  29.5 


RES  «  -1.21  SEC 
RES  *  1.99  SEC 
RES  *  0.03  SEC 
RES  =  -0.33  SEC 
RES  *  0.05  SEC 
RES  X  -0.37  SEC 
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Table  11-13  (Contd) 


OCT  13,  1969 
H  =  6  51  18.7 

LATITUDE  *  51.1A9  N 

LCNGITUCE  =  178.134  E 

DEPTH  =  34  XM 

NUMBER  CF  PHASES  USED  =  10  STANDARD  DEVIATION  =  1.57  SEC 


CORK. 

TIME 

RAW 

TIME 

ASD 

IPG 

6 

51 

32.3 

6 

51 

32.3 

RES 

-1.59 

SEC 

ASD 

IS 

6 

51 

45.  1 

6 

51 

45.1 

RES 

s 

0.15 

SEC 

ASB 

IPG 

6 

51 

31.4 

6 

51 

31.4 

RES 

s 

-1. 55 

SEC 

ASB 

IS 

6 

51 

44.7 

6 

51 

44.7 

RES 

s 

1.37 

SEC 

SC** 

♦EP 

6 

51 

25.6 

6 

51 

25.3 

■res 

sr 

-0.67 

SEC 

SC5 

ES 

6 

51 

34.4 

6 

51 

33.9 

RES 

s 

2.64 

SEC 

SC8 

EP 

6 

51 

35.8 

6 

51 

35.5 

RES 

s 

-0.  12 

SEC 

SC8 

ES 

6 

51 

50.9 

6 

51 

50.3 

RES 

X 

2.34 

SEC 

S06 

E(P) 

6 

51 

36.3 

6 

51 

36.1 

RES 

X 

1.17 

SEC 

SC6 

ES 

6 

51 

45.2 

6 

51 

44.9 

RES 

X 

-1.87 

SEC 

OCT 

13,  1969 

H  * 

12  1 

46. 

0 

LATITUDE  * 

52. 

007 

N 

LCNGITUCE 

X 

178 

.007 

'  E 

DEPTH  * 

76 

KM 

NUMBER  CF 

PHASES 

UStJ  *  9 

STANDARD 

DEVIATION 

X 

0.84 

SEC 

CORK. 

TIME 

RAW 

TIME 

SC5 

£P 

12 

2 

1.9 

12 

7 

1.6 

RES 

X 

-0.24 

SEC 

SC5 

ES 

12 

2 

15.4 

12 

2 

14.9 

RES 

X 

1.48 

SEC 

see 

EP 

12 

2 

8.5 

12 

2 

8.2 

RES 

X 

1.22 

SEC 

SC8 

ES 

12 

2 

23.2 

12 

2 

IZ.b 

RES 

X 

0.27 

SEC 

SC3 

E(S) 

12 

2 

26.0 

12 

2 

25.2 

RES 

X 

-0.23 

SEC 

ASD 

IPG 

12 

2 

4.5 

12 

2 

4.5 

RES 

X 

-1.05 

SEC 

ASD 

IS 

12 

2 

19.7 

12 

2 

19.7 

RES 

X 

-0.13 

SEC 

ASB 

IPG 

12 

2 

4.0 

12 

2 

4.0 

RES 

X 

-1.20 

SEC 

ASB 

IS 

12 

2 

19.2 

12 

2 

19.2 

RES 

X 

-0.04 

SEC 
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Table  11-13  (Contd) 


ll 


fl 

0 

0 

n 

0 

0 


OCT  13,  1969 

H  =  19  3b  2.9 

L/lTITLOe  =  51.037  N 

LCNGITUCE  =  179.'  3b  U 

DEPTH  =  24  KP 

NCMBEK  CF  PHASES  LStD  =  6 


CORK.  TIME 


SCb 

EP 

19 

Jb 

22.2 

SC5 

ES 

19 

35 

36.1 

ASC 

IPG 

19 

35 

14.4 

ASB 

IPG 

19 

35 

15.2 

SSI 

IPG 

19 

35 

20.0 

SSI 

IS 

19 

35 

32.6 

STANDARD  DEVIATION  * 
RAW  TIME 


19  35  21.9  RES  * 
19  35  35.6  RES  * 
19  3b  14.4  RES  * 
19  35  15.2  RES  * 
19  35  20.1  RES  * 
19  35  32.7  RES  * 


0 


fl 

fl 

fl 

fl 

0 

0 


OCT 

14, 

1969 

H  =  17  2 

29.5 

LATITUDE 

*  51. 

072 

N 

LCNGITUCE 

^  179 

.839  W 

DEPTH 

s 

29  KP 

NUMBER  CF 

PHASES 

USED  = 

CGRR. 

TIME 

SC8 

LP 

17 

2 

4C.5 

SCO 

tS 

17 

2 

46.1 

SC6 

CS 

17 

3 

1.1 

ASD 

cPG 

17 

2 

41.5 

ASB 

EP 

17 

2 

41.9 

SSI 

CPG 

17 

2 

46.4 

SSI 

IS 

17 

2 

58.7 

STANDARD  DEVIATION  * 
RAW  TIME 


17 

2 

40.2 

RES 

S 

17 

2 

45.5 

RES 

x 

17 

3 

0.8 

RES 

s 

17 

2 

41.5 

RES 

s 

17 

2 

41.9 

RES 

s 

17 

2 

46.5 

RES 

X 

I  7 

2 

58.8 

RES 

X 

fl 

D 


0 


0.10  SEC 


-O.Cl  SEC 
-0.11  SEC 
-0.19  SEC 
0.12  SEC 
-0.05  SEC 
0.01  SEC 


0.54  SEC 


1.04  SEC 
0.66  SEC 
0.48  SEC 
0.22  SEC 
0.40  SEC 
0.08  SEC 
0.21  SEC 
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Table  11-13  (Contd) 


OIT  lb,  1969 
H  *  6  19  14.6 

LATITLOE  *  51.392  N 

LCNGITUCE  *  178.921  E 

DEPTH  *  57  KM 

HIMEER  CF  PHASES  USED  =  14  STANDARD  DEVIATION  *  0.48  SEC 


CORK. 


SC8 

EP 

6 

19 

SC8 

ES 

6 

19 

SC5 

-EP 

6 

19 

SC5 

-ES 

6 

19 

SC6 

EP 

6 

19 

SC6 

ES 

6 

19 

ASB 

IPG 

6 

19 

ASB 

IS 

6 

19 

ASC 

IPG 

6 

19 

ASC 

IS 

6 

19 

ASD 

IPG 

6 

19 

ASD 

IS 

6 

19 

SSI 

IPG 

6 

19 

SSI 

IS 

6 

19 

TIME 

RAW 

TIME 

26.2 

6 

19 

25.9 

34.9 

6 

19 

34.3 

24.5 

6 

19 

24.2 

32.3 

6 

19 

31.8 

26.0 

6 

19 

25.8 

34.4 

6 

19 

34.1 

23.7 

6 

19 

23.7 

30.0 

6 

19 

30.0 

23.7 

6 

19 

23.7 

30.2 

6 

19 

30.2 

24.0 

6 

19 

24.0 

31.0 

6 

19 

31.0 

28.4 

6 

19 

28.5 

38.8 

6 

19 

38.9 

RES  *  0.39  SEC 
RES  »  0.84  SEC 
RES  *  -0.22  SEC 
RES  *  0.24  SEC 
RES  »  0.21  SEC 
RES  »  0.51  SEC 
RES  «  -0.37  SEC 
RES  *  -0.95  SEC 
RES  *  -0.15  SEC 
RES  *  -0.36  SEC 
RES  *  -0.46  SEC 
RES  *  -0.62  SEC 
RES  *  -0.35  SEC 
RES  *  -0.33  SEC 


OCT  15,  1969 
H  *  15  43  35.8 
LATlTtOE  *  51.361  N 

LCNGITUCE  «  178.818  E 

DEPTH  *  39  KM 

NUMBER  CF  PHASES  USED  =  6  STANDARD  DEVIATION  *  0.09  SEC 


CORK.  TIME  RAW  TIME 


SC6 

EP 

15 

43 

SC6 

ES 

15 

43 

SC5 

EIS) 

15 

43 

ASB 

EPG 

15 

43 

ASC 

IPG 

15 

43 

ASD 

IS 

15 

43 

46. 

,3 

15 

43 

46. 

1 

54. 

.1 

15 

43 

53. 

8 

49. 

.  1 

15 

43 

48. 

6 

44, 

>0 

15 

43 

44. 

0 

44, 

>6 

15 

43 

44. 

6 

50. 

,9 

15 

43 

50. 

9 

RES  *  -0.09  SEC 
RES  *  0.02  SEC 
RES  *  -0.07  sec 
RES  *  0.06  SEC 
RES  *  -0.04  SEC 
RES  *  -0.19  SEC 
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Tabic  11-13  (Contd) 


n 


n 

0 

n 

D 

n 

0 


OCT  16,  1969 

H  =  I  14  32. C 

L/»TITtDE  =  51.648  N 

LCNGITUCE  -  178.268  E 

DEPTH  =  79  KP 

NUMBER  CF  PHASES  USED  =  12 


CCRR.  TIME 


SC5 

EP 

1 

14 

43.7 

SC5 

ES 

1 

14 

52.3 

SC6 

E(P) 

1 

14 

47.9 

SC6 

ES 

1 

14 

57. C 

ASC 

EPG 

1 

14 

46.3 

ASO 

IPG 

1 

14 

46.8 

ASO 

IS 

1 

14 

59.3 

ASC 

IPG 

1 

14 

47.6 

ASC 

IS 

1 

14 

59.7 

SSI 

IPG 

1 

14 

50.0 

SSI 

IS 

1 

16 

2.7 

ASC 

ES 

1 

14 

58.2 

STANDARD 

DEVIATION 

0.72 

SEC 

RAW 

TIME 

14 

4  3.4 

RES 

-0.52 

SEC 

14 

51.8 

RES 

K 

-0.84 

SEC 

14 

47.7 

RES 

S 

1.25 

SEC 

14 

66.7 

RES 

S 

-0.32 

SEC 

14 

46.3 

RES 

s 

-0.22 

SEC 

14 

46.8 

RES 

X. 

-0.48 

SEC 

14 

59.3 

RES 

X 

0.84 

SEC 

14 

47.6 

RES 

X 

-0.20 

SEC 

14 

59.7 

RES 

s 

0.35 

SEC 

14 

50.1 

RES 

X 

-0.30 

SEC 

15 

2.8 

RES 

X 

-1.07 

SEC 

1 

14 

58.2 

RES 

X 

1.06 

SEC 

0 


0 

0 

0 

0 

0 

0 


OCT  16,  1969 
H  «  4  13  35,4 

UATITU'OF  ■  51,29/  N 

UONCITUHE  «  178,140  E 

depth  •  42  KM 


NUM-'^EP 

(  OF 

phases 

USED  s  8 

standard 

deviation 

t 

,60 

SEC 

CORH, 

time 

Haw  time 

bC.5 

IP 

4 

13 

43,4 

4 

13  43,1 

Res 

t 

,13 

SEC 

506 

EP 

4 

13 

63,3 

4 

13  50,1 

RES 

• 

-',02 

SEC 

508 

EP 

4 

13 

52,6 

4 

13  52,3 

RES 

s 

SEC 

A5b 

IPG 

4 

13 

48,2 

4 

13  48,2 

RES 

> 

-1 ,01 

SEC 

AHB 

I'^ 

4 

13 

60,0 

4 

14  ,0 

RES 

c 

.71 

SEC 

ASD 

IPG 

4 

13 

49,2 

4 

13  49,2 

RES 

B 

-.85 

SEC 

ASC 

IPG 

4 

13 

49,3 

4 

13  49,3 

RES 

•  61 

SEC 

SSI 

IPC 

4 

13 

54,7 

4 

13  54,8 

RES 

8 

-,09 

SEC 

0 

0 
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Table  11-13  (Contd) 


OCT  17,  1969 
H  -  0  30  17.1 


LATITUDE  * 

51.6 

n 

N 

LCNGITUOE 

*  179. 

618 

1  W 

DEPTH 

55  Kf*. 

NUMBER 

CF 

PHASES 

USED  * 

CORK. 

TIME 

SC5 

E(P) 

0 

30 

38. 

8 

SC5 

ES 

0 

30 

53. 

5 

SC3 

ES 

0 

30 

47. 

2 

SSI 

EPG 

0 

30 

29. 

4 

SSI 

IS 

0 

30 

39. 

9 

ASO 

IPG 

0 

30 

30. 

3 

ASO 

IS 

0 

30 

41. 

7 

ASB 

IPG 

0 

30 

31. 

1 

ASB 

IS 

0 

30 

42. 

8 

STANDARD  DEVIATION 
HAW  TIME 


0  30  38.5  RES 
0  30  53.0  RES 
0  30  46.4  RES 
0  30  29.5  RES 
0  30  40.0  RES 
0  30  30.3  RES 
0  30  41.7  RES 
0  30  31.1  RES 
0  30  42.8  RES 


0.70  SEC 


0.40  SEC 
-0.49  SEC 
0.97  SEC 
-0.12  SEC 
1.18  SEC 
-0.87  SEC 
C.23  SEC 
-0.89  SEC 
-0.10  SEC 
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Table  II- 14 


NEAR-MILROW  HYPOC ENTER  CALCULATIONS 
USING  ^:ILROW  RESIDUALS 


Of:T  2,  19(S9 
W  ■  22  5  59,8 

Latitude  =  51,420  m 

Longitude  «  179,204  2 
dppth  s  7  km 

nmmser  of  Phases  used  •  7  standard  deviation  b 


CORR,  TIME 

RAW  Tf^lE 

ASC 

IPC 

22  6  1,7 

22 

5  1.7 

RES 

ASB 

IPG 

22  6  1,9 

22 

6  2,0 

WES 

A\B 

IPC 

22  6  6,8 

22 

6  6,6 

WES 

Sn8 

♦  IP 

22  '  5,6 

22 

6  5,8 

RES 

Sn6 

IP 

22  6  6,? 

22 

5  6,0 

WES 

S''3 

EP 

22  6  9,7 

22 

6  9.1 

WES 

So5 

♦  IP 

22  6  10.3 

22 

6  JO. 3 

RES 

Oct 

3,  1969 

H  ■ 

3  41 

56|4 

Latitude  ■ 

51,422  N 

LoNGlTUnE 

«  179,206  E 

OrPTH 

6  KM 

N'yMBER  OF 

PHASES  USED  a  10 

STANDARD 

deviation 

a 

CnRR,  TIME 

RAW  TIME 

S08 

EH 

3  42  7,3 

3 

42  6,7 

RFC 

a 

SnB 

EP 

3  42  1,7 

3 

42  1,9 

'  W  w 

•■^rc 

s 

Sn6 

E(P) 

3  42  4,«5 

3 

42  4,3 

WES 

a 

St6 

E(S} 

3  42  11.3 

3 

42  11,0 

Wes 

a 

Sn5 

EP 

3  42  7,n 

3 

42  7,0 

WES 

a 

Sn5 

EH 

3  42  14,8 

3 

<2  14,3 

RES 

a 

ASC 

IPC 

3  41  57,5 

3 

41  57,5 

WES 

s 

AsC 

15 

3  4i  56,9 

3 

41  56,9 

WES 

s 

A<;D 

IPC 

3  41  58,7 

3 

41  58,7 

WES 

a 

A^B 

IPC 

3  41  57,9 

3 

41  56,0 

WES 

a 

.05  SEC 


••05  SEC 
•.07  SEC 
•04  SEC 
.0:  SEC 
-.01  SEC 
••00  SEC 
.06  SEC 


.50  SEC 


.99  SEC 
•.36  SEC 
•.24  SEC 
.46  SEC 
•.03  SEC 
•.04  SEC 
•.66  SEC 
•.60  SEC 
•.18  SEC 
•.53  SEC 
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Table  11-14  (Contd) 


OcT  3,  1949 
W  •  4  37  15,2 

Latitude  ■  51,375  n 

Longitude  ■  179, i3«  e 
Depth  ■  ?  rw 

Number  op  pmases  used 


standard  deviation  ■ 


CORR,  TiMF  BAW  TIME 


soa 

EP 

4  37 

21.2 

4 

37 

21.4 

SoB 

ES 

4  37 

27.2 

4 

37 

26.6 

ASC 

IPC 

4  37 

IT, Cl 

4 

37 

1  7,0 

ASC 

IS 

4  37 

13,4 

4 

37 

]3, 4 

Ana 

IPG 

4  37 

24.0 

4 

37 

24,0 

ASD 

IPG 

4  37 

13.3 

4 

37 

S  3,3 

"33 

IPG 

4  37 

17,2 

4 

37 

i?.3 

RES  ■ 
RES  > 
RES  • 
RES  • 
RES  ■ 
RES  • 
RES  ■ 


OcT  3,  1949 
M  ■  6  17  5S,3 

Latitude  ■  51.432  n 

Longitude  ■  179,315  i 
Depth  •  n  km 
Number  op  phases  used  ■  9 


standard  deviation  ■ 


CORR. 


Sq6 

ES 

4 

14 

Sq5 

EP 

6 

13 

Sn5 

ES 

6 

14 

AsC 

IPG 

6 

14 

A\'A 

EPG 

6 

13 

ASD 

IPG 

4 

14 

AsD 

IS 

4 

16 

ASB 

IPG 

4 

14 

AsB 

IS 

4 

14 

time 

RAW 

TIMI 

14,0 

6 

18 

13,7 

3.5 

6 

18 

7,5 

13,2 

6 

13 

17,7 

.3 

6 

18 

.3 

7.1 

6 

13 

7,1 

1.5 

6 

18 

1.5 

3,7 

6 

1» 

3,7 

,5 

4 

13 

.6 

2.2 

6 

18 

2.2 

RES  ■  1 

RES  ■ 

RES  ■ 

RES  ■  •! 

RES  f  • 
RES  > 

RES  ■ 

Res  ■  • 

RES  ■  •! 


.47  SEC 


.44  SEC 
.76  SEC 
.45  SEC 
.73  SEC 
.04  SEC 
.05  SEC 
.12  SEC 


.92  SEC 


.11  SEC 
.06  SEC 
.55  SEC 
.30  SEC 
iS7  SEC 
.63  SEC 
>92  SEC 
>76  SEC 
>36  SEC 
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Table  11-14  (Contd) 


Or.T  3i  1949 
w  s  6  37  3,3 

LaTUUOF.  »  51,411  N 

nNClTU^E  »  179,213  E 

Dp^PTH  s  •  KM 


M-iMBEP  of 

PHASES 

USED  ■  11 

STANjOARO 

deviation 

s 

.74 

SEC 

CORR, 

time 

RAW 

time 

AvA 

EPG 

6 

37 

11.4 

6 

37 

11.4 

RES 

s 

•  1 .05 

SEC 

Sr)6 

EP 

4 

37 

12,0 

6 

37 

11. a 

RES 

B 

.07 

SEC 

Sn6 

ES 

4 

37 

19.4 

6 

37 

19,1 

RES 

8 

1,19 

SEC 

Sn5 

EP 

4 

37 

13,4 

6 

37 

13.8 

RES 

8 

•,05 

SEC 

Sn5 

E5 

4 

37 

22.3 

6 

37 

22,0 

RES 

a 

,92 

SEC 

ASC 

IPC 

4 

37 

4.4 

6 

37 

4.6 

RES 

8 

•  ,«7 

SEC 

ASC 

IS 

4 

37 

6,0 

6 

37 

6,0 

RES 

8 

*•1,11 

SEC 

AsD 

IPG 

4 

37 

5,4 

6 

37 

5.8 

RES 

8 

••,09 

SEC 

AsO 

IS 

4 

37 

6.1 

6 

37 

8.1 

RES 

8 

.34 

SEC 

ASB 

IPG 

4 

37 

4,9 

4 

37 

5.0 

RES 

8 

•,50 

SEC 

AsB 

IS 

4 

37 

6,3 

4 

37 

6.5 

RES 

8 

•,50 

SEC 

OcT  3, 
Mb  6  39 

Latitude 

LONf.lTunE 
DfPTH  s 

Number  of 

1949 

2.7 

•  51,401  N 

«  179,225  E 

3  KM 

PmaSES  used  a  9 

CORR,  TIMf 

RAW 

standard 

time 

deviation  ■ 

.5a 

SEC 

Sn6 

EP 

4 

39 

11. R 

4 

39 

11.6 

RES  ■ 

.22 

SEC 

Sn6 

ES 

4 

39 

17.7 

6 

39 

17,4 

RES  • 

•.32 

SEC 

Sn5 

EP 

4 

39 

13,2 

6 

39 

J3,2 

RFR  * 

•.36 

SEC 

Sn5 

ES 

4 

39 

21,9 

6 

39 

21.4 

RES  ■ 

,39 

SEC 

AsC 

IPG 

4 

39 

4,1 

4 

39 

4,1 

RES  « 

•.BO 

SEC 

ArX 

IS 

4 

39 

5,5 

6 

39 

5,5 

RES  ■ 

•1.05 

SEC 

AoD 

IPG 

6 

39 

5.1 

6 

39 

5,1 

RES  « 

.23 

SEC 

A  so 

IS 

4 

39 

7,3 

6 

39 

7,3 

RES  * 

,88 

SEC 

AsB 

IPG 

4 

39 

4,2 

6 

39 

4.3 

RES  B 

•,13 

SEC 

11-89 
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Table  11-14  (Contd) 


OcT  3,  i969 
H  ■  T  6  3,1 

Latitude  ■  51,422  n 

LoNCiTUnE  ■  17f|2llA  E 
Depth  «  t  km 
Number  of  phases  used  ■ 


stamoaro  oeviatiom  ■ 


,94  SEC 


CORR, 

time 

RAW  time 

S06 

ES 

7 

6 

18,3 

7 

8  18.0 

RES 

Sq5 

EP 

7 

6 

1A.1 

7 

8  14,1 

RES 

So5 

ES 

7 

6 

22,9 

7 

8  22.4 

RES 

AsC 

IPG 

7 

6 

A. 9 

7 

8  4.9 

RES 

AsC 

IS 

7 

6 

8.4 

7 

6  6,4 

RES 

asd 

IPG 

7 

6 

8.2 

7 

8  6.2 

RES 

ASD 

IS 

7 

6 

8,S 

7 

8  8.5 

RES 

ASB 

IPG 

7 

6 

5.2 

7 

8  5,3 

Res 

AsB 

IS 

7 

6 

^0 

7 

8  7,0 

RES 

.14  SEC 
•.27  SEC 
,30  SEC 
•1,08  SEC 
•1,72  SEC 
,97  SEC 
1.57  SEC 
••40  SEC 
•,4B  SEC 


Oct  3,  1989 
Hi  7  10  44|f 

Latitude  ■  5i,429  n 

longitude  i  179,284  E 
Depth  ■  9  km 

Number  op  phases  used  ■ 


standard  deviation  ■  ,90  SEC 


CORR, 

time 

RAW  time 

S06 

ES 

7  10 

59,8 

7  10  59,5 

RES 

So5 

EP 

7  10 

55,8 

7  lO  55,8 

PES 

So5 

ES 

7  11 

8.5 

7  11  4,0 

Res 

ASC 

IPG 

7  10 

48.8 

7  lO  46,6 

RES 

ASC 

IS 

7  10 

88,1 

7  10  48,1 

RES 

ASO 

IPG 

7  10 

48,0 

7  10  48,0 

RES 

ASO 

IS 

7  10 

50.2 

7  10  50,2 

RES 

AsB 

IPG 

7  10 

47.1 

7  10  47,2 

RES 

.11  sec 

••24  SEC 
.30  SEC 
•1,10  SEC 
•1,71  SEC 
.72  SEC 
1.20  SEC 
•.40  SEC 


S' . 


-W-  };■ 
/ 


n-90 
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Table  11-14  (Contd) 


OcT  3,  1949 
H  ■  7  35  5?, 4 

UaTITUDF  ■  51,458  \ 

tONClTUPE  *  179,184  £ 

OpPTH  *  jS  KM 

NJuMbEP  nF  PmaSES  used  ■  11 


STAnD*«0  DEVIaTI0‘>' 


CORR,  TIME  time 


.72  SEC 


Sn6 

£P 

7 

36 

Sn8 

E3 

7 

35 

Sn8 

ES 

7 

36 

Sn5 

EP 

7 

36 

S05 

ES 

7 

36 

Ar,C 

IPG 

7 

35 

4SC 

IS 

7 

35 

ASO 

IPG 

7 

35 

AsD 

IS 

7 

35 

AsB 

IPG 

7 

35 

ASB 

IS 

7 

35 

.0 

7 

35 

59,8 

58,9 

7 

35 

59,1 

3.6 

7 

38 

3.0 

2.4 

7 

36 

2.4 

11.6 

7 

36 

11.1 

53,8 

7 

35 

53.8 

55,1 

7 

35 

55,1 

54,3 

7 

35 

54,3 

56,  n 

7 

35 

56.0 

55, n 

7 

35 

55,1 

57,4 

•« 

/ 

35 

57,4 

RES  ■  ,06  SEC 
RES  ■  ,36  SEC 
RES  ■  ,44  SEC 
RES  «  *,46  SEC 
RES  ■  1,00  SfcC 
RES  ■  *,01  SEC 
RES  ■  ,19  SEC 
RES  •  •1,13  SEC 
«ES  •  •1,66  SEC 
RES  ■  ^,09  SEC 
R^^S  •  ,24  SEC 


Oct  3i  1969 

R  ■  7  40  J1,6 

Latitude  ■  51,454  n 

Longitude  ■  179,204  e 
Depth  «  6  <m 

R.JMRER  of  Pv^aSES  used  ■  11  standard  deviation  ■  ,54  SEC 

CORR,  TiMf  RAW  time 


S06 

E(S1 

7 

40 

St8 

EP 

7 

40 

Sp8 

ES 

7 

40 

S,?5 

EP 

7 

40 

Si5 

ES 

7 

40 

ASC 

IPG 

7 

40 

ASC 

IS 

7 

40 

Ar^D 

IPG 

7 

40 

A-^D 

15 

7 

40 

A  SB 

IPG 

7 

40 

A  SB 

IS 

7 

40 

45,0 

7 

40 

44,6 

37,4 

7 

40 

37,6 

42, fl 

7 

40 

42.2 

42,1 

7 

40 

42,1 

50,8 

7 

40 

50.3 

32,9 

7 

40 

32,9 

34.3 

7 

40 

34,3 

34,1 

7 

40 

34, i 

36,4 

7 

40 

36,4 

33,3 

7 

40 

33,4 

55.0 

7 

40 

35,0 

RES  i  ,04  SEC 
RES  ■  •,08  SEC 
RE'>  ■  ,91  SEC 
RES  ■  *,24  SEC 
RES  ■  ,57  SEC 
RES  ■  *,lft  SEC 
RES  ■  ,07  SEC 
RES  ■  *,29  SEC 
RES  ■  .,02  SEC 
RES  ■  *.84  SEC 
RES  ■  •1,08  SEC 


11-91 
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Table  11-14  (Contd) 


OcT  3,  19<^9 
H  >  S  16  5lia 
Latitude  ■  5i.426  n 

loNGiTUnE  ■  179,186  I 

Depth  »  a  km 


Number  of 

PHASES  USED  t  12 

standard 

deviation 

a 

1.17 

SEC 

CORR, 

time 

RAW  time 

S?8 

♦IP 

8  18 

57.2 

8 

l8  S7,4 

RES 

a 

•.68 

SEC 

Sq8 

ES 

8  19 

4.1 

8 

1»  3.S 

RES 

a 

1.65 

SEC 

So8 

EP 

8  18 

59,8 

8 

1*  S».2 

RES 

a 

•.75 

SEC 

Sn6 

ES 

8  19 

8,8 

8 

».5 

RES 

a 

2.56 

SEC 

Sq5 

♦EP 

8  19 

2.2 

8 

1»  2,2 

RES 

a 

.19 

SEC 

So9 

ES 

8  19 

10.8 

8 

1»  10. 1 

RES 

a 

1.10 

SEC 

AsC 

IPG 

8  18 

53. n  • 

8 

i<  93,0 

RES 

a 

•.80 

SEC 

Af^C 

IS 

8  18 

58,5 

8 

1»  94.9 

RES 

a 

•.83 

SEC 

AmA 

IPG 

8  18 

59,3 

8 

1*  99,3 

RES 

■ 

•  1.20 

SEC  1 

ASO 

IPG 

8  18 

58.1 

8 

1*  94,1 

RES 

a 

•.70 

SEC  ^ 

ASD 

IS 

8  18 

58.1 

8 

9«,1 

Rrs 

a 

•  .88 

SEC 

AsB 

IPG 

8  18 

53.3 

8 

1»  93,4 

REfc 

a 

••94 

11 

OcT 

3, 

1989 

• 

f  1 

I  i 

H  • 

8  37 

40i« 

LtTlTUDE 

•  51,889 

N 

j 

longitude 

■  179, a3f 

E 

Li 

Depth 

s 

3  KM 

Number  of 

PHASES  USED  f  8 

standard 

deviation 

i 

•  64 

SEC  j, 

CORR, 

TIME 

RAW  time 

1  J 

So6 

EP 

8  37 

87,8 

8 

37  47,6 

RES 

a 

••10 

SEC  1  , 

SEC  ^ 

So5 

ES 

8  38 

.  8 

8 

39  .1 

RES 

a 

••11 

ASC 

IPG 

8  37 

42,9 

8 

37  42,9 

RES 

a 

•  36 

SEC 

AsC 

IS 

8  37 

44.3 

8 

37  44,3 

RES 

a 

•  50 

SEC  r 

ASD 

IPG 

8  37 

44.2 

8 

37  44,2 

RES 

a 

•  40 

SEC  U 

ASD 

IS 

8  37 

48,5 

8 

37  4. ,9 

RES 

■ 

•  60 

SEC 

ASB 

IPG 

8  37 

43,2 

8 

37  43,3 

RES 

a 

■  •78 

SEC  n 

AsB 

IS 

8  37 

45, n 

8 

37  49,0 

RES 

a 

•  1^32 

SEC  U 

0 

_ ^ _  0 
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Table  11-14  (Contd) 


OcT  3,  19(^9 
w  ■  10  4C  14,4 

Latitude  51,453  n 

LnNOITU'^E  *  170,254  E 

DrPTH  =  7  KM 


NijMBER 

OF 

PmaSES 

USED  •  6 

stamdard 

deviation 

■ 

.51 

SEC 

CnRR, 

time 

RAW  TlMg 

Sib 

En 

10 

40 

27.5 

10 

40  27,5 

RES 

■ 

•  ,05 

SEC 

Sib 

ES 

in 

40 

35.9 

10 

40  35,4 

RES 

■ 

.17 

SEC 

AsC 

IPC 

in 

40 

1«,3 

10 

40  16.3 

KES 

■ 

•  •20 

SEC 

ASC 

IS 

in 

40 

19.9 

10 

40  19,9 

RES 

s 

•  .20 

SEC 

AsD 

P’C 

in 

40 

19,4 

10 

40  19,4 

RES 

■ 

.49 

SEC 

ASD 

IS 

in 

40 

21.6 

10 

40  21.6 

RES 

■ 

.86 

SEC 

Af*,B 

IPC 

in 

40 

IS. 5 

in 

40  18,6 

RES 

■ 

•.50 

SEC 

A  SB 

IS 

in 

40 

20,1 

10 

40  20,1 

RES 

B 

•  •  86 

SEC 

Oct 

3. 

I9e9 

H  B  10 

43 

4,1 

Latitude 

■  51. 

427 

N 

LCNClTunE 

■  179 

,239 

E 

Df  PTH 

3 

9  KM 

NmMBER 

OF 

pmases 

USED  ■  10 

STANDARD 

DEVIATION 

B 

.69 

SEC 

cnRR, 

TIME 

RAW 

time 

Sc6 

EP 

in 

43 

14,5 

10 

43 

14,3 

RES 

a 

.00 

SEC 

S  1 6 

ES 

in 

43 

22,  n 

in 

43 

21.7 

RES 

B 

1,40 

SEC 

Sn5 

EF 

in 

43 

16,8 

10 

43 

16, a 

RF.S 

s 

•,11 

SEC 

Sn5 

ES 

m 

43 

25,5 

in 

43 

25,0 

RES 

s 

,67 

SEC 

AqC 

IPC 

in 

43 

7,5 

10 

43 

7.5 

RES 

B 

•1,01 

SRC 

A'^C 

IS 

in 

43 

8,8 

10 

43 

8,8 

RES 

a 

•1.52 

SEC 

A\A 

EPC 

in 

43 

14,3 

10 

43 

14,3 

RES 

a 

*1,13 

SEC 

A?D 

IPC 

ir 

43 

8,7 

in 

43 

8,7 

RES 

B 

.01 

SEC 

A  CD 

IS 

in 

43 

11. n 

ID 

43 

11.0 

RES 

a 

,45 

SEC 

A  SB 

IPC 

in 

43 

7.8 

10 

43 

7.9 

RES 

a 

•  ,79 

SEC 

11-93 
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Table  11-14  (Contd) 


OCT  3#  1969 
H  i  11  4  51,2 

Latitude  ■  9i,4i5  n 

Longitude  ■  179,226  t 

OfPTH  •  5  KM 


NuMBEf^ 

OF 

PMASES 

USED  •  6 

STANDARD 

deviation 

• 

.64 

SEC 

CORR. 

TIME 

RAW 

time 

5o6 

EP 

11 

4 

59.6 

11 

4  59.4 

RES 

■ 

-.19 

SEC 

S06 

ES 

11 

5 

4.4 

11 

5  6.1 

RES 

s 

.39 

SEC 

S05 

ES 

11 

5 

10.1 

11 

5  9.6 

RES 

■ 

•.03 

SEC 

ASC 

IPG 

11 

4 

52.2 

11 

4  52.2 

RES 

■ 

••.99 

SEC 

ASC 

IS 

11 

4 

53.7 

11 

4  53.7 

RES 

■ 

-.97 

SEC 

ASO 

IPG 

11 

4 

53.7 

11 

4  53.7 

RES 

■ 

.26 

SEC 

ASD 

IS 

11 

4 

55.9 

11 

4  55.9 

RES 

■ 

.92 

SEC 

AsB 

IPG 

11 

4 

52.6 

11 

4  e2.7 

RES 

■ 

•.44 

SEC 

OCT  3, 

1969 

H  ■  11  40 

22,5 

Latitude 

•  51.390 

N 

Longitude 

■  179,146 

E 

Depth  » 

4  KM 

number  OF 

PUASES  USED  *  6 

standard 

DEVIATION  ■ 

.27 

SEC 

CORR. 

TIME 

RAW  time 

Sn8  EP 

11  40 

26.6 

11 

40  26,6 

RES  • 

•.27 

SEC 

S38  EC> 

11  40 

34.1 

11 

40  33.5 

RES  > 

.50 

SEC 

ASC  IPC 

11  40 

24.2 

11 

4O  24,2 

RES  ■ 

•.34 

SEC 

AsC  IS 

11  40 

25.7 

11 

40  25,7 

RES  ■ 

•.36 

SEC 

Ana  IPG 

11  40 

31.2 

11 

40  31,2 

RES  • 

.03 

SEC 

ASD  IPG 

11  40 

25.5 

11 

40  25,5 

RES  ■ 

•  ,07 

SEC 

ASD  IS 

11  40 

27,7 

11 

40  27,7 

RES  ■ 

•,07 

SEC 

ASB  IPG 

11  40 

24,6 

11 

40  24,7 

RES  ■ 

.14 

SEC 

11-94 
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Table  11-14  (Contd) 


OcT  3,  1949 
H  «  13  52  3n,3 
UATlTUOr.  =  51,457 

LONGITUDE  «  179,243  E 

Of  PTH  *  9  KM 

Number  of  phases  used  >  9  stanuaro  oeviatjcn  = 


CPRR,  TIME  PAW  TIME 


See 

♦IP 

13 

52 

44 

.2 

13 

S^6 

EP 

13 

52 

46 

16 

13 

Sc5 

ES 

13 

52 

58 

.0 

13 

Srb 

•  EP 

13 

52 

48, 

13 

Sr3 

♦IP 

13 

52 

48, 

5 

13 

AqC 

IPG 

13 

52 

39. 

q 

13 

A\A 

IPG 

13 

52 

46, 

7 

13 

AsD 

IPG 

13 

52 

41, 

j 

13 

ASB 

IPG 

13 

52 

40. 

3 

13 

52 

A4,4 

RES  * 

•  29 

SEC 

52 

46,4 

»ES  « 

•  44 

SEC 

52 

57,5 

RES  « 

1,13 

SEC 

52 

48, a 

RES  » 

*^•20 

SEC 

52 

47,9 

RES  » 

,02 

SEC 

52 

39,6 

RES  « 

•  •83 

SEC 

52 

46,7 

RES  « 

•  ,60 

SEC 

52 

41,1 

RES  ■ 

••09 

SEC 

52 

40,4 

RES  * 

•  •89 

SEC 

Oct  3,  1969 
H  ■  14  52  36,7 
LaTITUDF  ■  51,434  Nl 

LcNClTunE  «  179, 29i  E 

Depth  »  9  km 

Number  of  phases  used  «  9  standard  deviation  « 


CORR,  TIME  PAW  time 


Sot 

EP 

14 

52 

45 

.2 

14 

Sn5 

feP 

14 

52 

47 

.6 

14 

S05 

ES 

14 

52 

56 

,5 

14 

Af^C 

IPG 

14 

52 

38, 

,6 

14 

A'-X 

1$ 

14 

52 

40, 

n 

14 

ASD 

IPG 

14 

52 

40, 

0 

14 

ASD 

IS 

14 

52 

42. 

n 

14 

A.sB 

IPG 

14 

52 

38. 

9 

14 

AsB 

IS 

14 

52 

40. 

5 

14 

52 

45,0 

RES  ■ 

•  07 

SEC 

52 

47,6 

RES  « 

••19 

SEC 

52 

56,0 

RES  ■ 

,55 

SEC 

52 

38,6 

RES  « 

••87 

SEC 

52 

40,0 

RES  « 

•lv60 

SEC 

52 

40,0 

RES  ■ 

,91 

SEC 

52 

42,0 

RES  ■ 

1,14 

SFC 

52 

39,0 

RES  » 

••43 

SEC 

52 

40,5 

RES  « 

••87 

SEC 

11-95 
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Table  11-14  (Contd) 


OcT  3,  1969 
H  ■  19  16  46|5 
UaTITUOE  ■  51,416  N 

lONCITUOE  ■  179i243  E 

Depth  «  9  km 


Number  of 

PHASES  USED  ■  6 

ST.NOtRP 

DEVIATION) 

■ 

.61 

SEC 

CORR, 

TIME 

RAW  TIMI 

S06 

EP 

19  16 

34.9 

19  1«  »4,7 

RES 

■ 

• .  17 

SEC 

S06 

ES 

19  17 

1.7 

19  17  1,4 

RES 

■ 

.39 

SEC 

Sn5 

ES 

19  17 

5,7 

19  17  5.2 

RES 

■ 

.04 

SEC 

ASC 

IPG 

19  16 

47,7 

19  1*  47.7 

RES 

■ 

•.07 

SEC 

AsC 

IS 

19  16 

49,2 

19  16  49,2 

RES 

■ 

■(93 

SEC 

ASD 

IP6 

19  16 

40.9 

19  16  4. ,9 

RES 

■ 

,35 

SEC 

AsO 

IS 

19  16 

31.0 

19  16  51,0 

RES 

■ 

.97 

SEC 

ASB 

IPG 

19  16 

40.0 

19  16  48,1 

RES 

■ 

•,30 

SEC 

Oct 

3« 

1969 

H  ■ 

19  34 

7,2 

UaTITUDE 

•  5l, 

427 

N 

LOiN 

GITUDE 

■  179 

,21S  E 

Depth  » 

A  KM 

Number  of 

PHASES 

USED  ■  10 

stahuaro 

deviation  • 

.70 

SEC 

CORR, 

time 

RAW 

TIMI 

So8 

♦IP 

19 

34 

12,7 

19 

34 

12,9 

RES  ■ 

■,21 

SEC 

SqB 

ES 

19 

34 

10.4 

19 

34 

17,0 

RES  « 

1,24 

SEC 

So6 

A 

EP 

19 

34 

15.3 

19 

34 

15,1 

RES  • 

".30 

SEC 

S06 

ES 

19 

34 

22,3 

19 

34 

22.0 

RES  ■ 

.61 

SEC 

So5 

EP 

19 

34 

17,6 

19 

34 

1T,6 

RES  ■ 

•.23 

SEC 

So5 

ES 

19 

34 

26. n 

19 

34 

25,5 

RES  ■ 

.42 

SEC 

ASC 

IPG 

19 

34 

0.4 

19 

34 

0,4 

RES  ■ 

•1,06 

SEC 

AsC 

IS 

19 

34 

9,9 

19 

34 

9,9 

RES  4 

■1,23 

SEC 

AsO 

IPG 

19 

34 

9,5 

19 

34 

9,5 

RES  ■ 

•  ( 46 

SEC 

AsB 

IPG 

19 

34 

0.7 

19 

34 

0,0 

RES  i 

■  ,99 

SEC 

11-96 
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Table  11-14  (Contd) 


Oct  3#  1969 
H  »  20  8  5n,2 

Latitude  ■  5i,405  n 

LnNGiTUnE  i  179,25?  E 
Df.PTH  =  7  KM 

NJ'!M3ER  of  phases  USFO  ■  9 


standard  OEVIaTIov  .  ,77  sEC 


Soft 

EP 

CftRR, 

20  8 

Soft 

ES 

20 

9 

Sr5 

£P 

20 

9 

SnS 

ES 

20 

9 

A.SC 

IPG 

20 

8 

A  SC 

IS 

20 

8 

ASD 

IOC 

20 

8 

AsD 

IS 

20 

8 

A?0 

IPG 

20 

8 

time  raw  time 

59,?  20  8  59,0 

5.4  20  9  5,1 

.9  20  9  ,9 

9.4  ?0  9  9,1 

20  ft  51.7 

53,?  20  ft  53,2 

52.8  20  ft  52,8 

55,0  20  ft  55,0 

51.7  20  ft  51,8 


«ES  *  ,11  StC 

s  *,17  SEC 
RES  ■  *,34  SEC 

RES  ■  ,26  SFC 

RES  ■  •1,03  SEC 

RES  ■  •1,45  SEC 

RES  ■  ,52  SEC 

^ES  ■  1,21  SEC 

RES  ■  *,41  SEC 


OcT  4,  1969 
R  ■  6  34  3,6 

Latitude  «  51,435  n 

L^NGlTUf^E  ■  179,199  E 

Depth  =  6  km 

Number  of  phases  used  ■  m 


STANDARD  deviation  •  ,66  SEC 


Soft 

EP 

Soft 

ES 

Sn8 

ES 

Sn5 

EP 

Sn5 

ES 

Sn3 

ES 

ASC 

IPG 

AsC 

IS 

AoD 

IPG 

ASB 

IPG 

CORR,  TIME 

6  34  i:,3 
6  34  18,3 
6  34  14,5 
ft  34  13.9 
ft  34  22,3 
ft  34  21,4 
ft  34  4,5 
ft  34  6,0 
ft  34  5,6 
ft  34  4,6 


RAW  time 

6  3ft  11,1 
6  3ft  18,0 
6  3ft  13,9 
ft  3ft  13,9 
ft  3ft  21.8 
ft  3ft  ?0,6 
ft  3ft  ft, 5 
ft  3ft  6.0 
6  3ft  5.6 
ft  3ft  ft. 7 


RES  =  r,36  SEC 
RES  c  ,75  SEC 
RES  ■  ,60  SEC 
RES  *  >^,26  SEC 
RES  ■  .37  SEC 
RES  s  .01  SEC 
RES  «  *.78  SEC 
RES  *  *,58  SEC 
RES  ■  *.71  SEC 
RES  ■  *1,32  SEC 
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Table  11-14  (Contd) 


Oct  4,  1969 
H  >  6  48  53|3 

Latitude  »  5i,44q  n 

Longitude  >  i79i249  e 

OfPTH  »  4  KM 


NuMBEE 

1  OF 

PMASES  used  «  7 

standard 

deviation 

1 

.24 

SEC 

CORR, 

time 

RAW  time 

So8 

EP 

6  48 

58.4 

6  48  98.6 

RES 

1 

lOl 

SEC 

Sb6 

ES 

6  49 

7.2 

6  49  6.9 

RES 

1 

•  .00 

SEC 

S05 

ES 

6  49 

12.7 

6  49  12.2 

RES 

B 

•.00 

SEC 

AsC 

IPG 

6  46 

54.8 

6  48  94.8 

RES 

a 

■•16 

SEC 

ASC 

IS 

6  48 

54.4 

6  48  94.4 

RES 

a 

.07 

SEC 

AsD 

IPG 

6  48 

55.8 

6  4Q  55.8 

RES 

a 

.51 

SEC 

ASB 

IPG 

8  48 

55.0 

6  48  95.1 

RES 

a 

-.30 

SEC 

OcT 

4 1 

1969 

H  a 

7  31 

36,8 

Latitude 

■  51. 

441 

N 

Longitude 

«  179 

il66  E 

Depth 

a 

7  KM 

Number  of 

PMASES 

USED  ■  9 

standard 

deviation 

a 

.72 

SEC 

CORR. 

time 

RAW 

time 

So4 

EP 

7 

31 

44.6 

7 

31 

44,4 

res 

a 

"(18 

SEC 

Sq8 

EP 

7 

31 

43.7 

7 

31 

43.9 

RES 

a 

i52 

SEC 

So6 

ES 

7 

31 

50.9 

7 

31 

50.6 

RES 

a 

.36 

SEC 

Sn5 

EP 

7 

31 

46.4 

7 

31 

46.4 

RES 

a 

•  i67 

SEC 

S05 

ES 

7 

31 

55.7 

7 

31 

55.2 

RES 

a 

1.13 

SEC 

ASC 

IPG 

7 

31 

38.2 

7 

31 

38.2 

RES 

a 

■.34 

SEC 

Arc 

IS 

7 

31 

39.6 

7 

31 

39.6 

RES 

a 

•.22 

SEC 

AsB 

IPG 

7 

31 

38.2 

7 

31 

38,3 

RES 

a 

•1.30 

SEC 

AsD 

IPG 

7 

31 

39,2 

7 

31 

39,2 

RES 

a 

•  .83 

SEC 
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Table  11-14  (Contd) 


OrT  3,  1969 
H  »  20  8  50,2 

UaTiTUDF  ■  51,405  N 

InNGlTUnE  ■  179,25?  E 

Df.PTH  =  7 

mmK3Er  of  phases  USFO  ■ 


Sn6 

EP 

So6 

ES 

Sn5 

EP 

Sn5 

ES 

A. SC 

H’C 

A  SC 

IS 

ASD 

IPG 

AsD 

IS 

A?B 

IPG 

CORR, 

time 

20 

8 

59,? 

20 

9 

5.4 

2n 

9 

.9 

20 

9 

9,6 

20 

8 

51.7 

20 

9 

53,? 

20 

8 

52,8 

20 

8 

55,0 

20 

8 

51.7 

standard 

deviation 

3 

,77 

SEC 

RAW 

time 

20 

8 

59,0 

HES 

X. 

ill 

SEC 

20 

9 

5,1 

RES 

B 

•,17 

SEC 

20 

9 

,9 

RES 

• 

*.34 

SEC 

20 

9 

9,1 

RES 

• 

.26 

SEC 

20 

8 

51.7 

RES 

■ 

•1,03 

SEC 

20 

8 

53,2 

RES 

■ 

•1,45 

SEC 

20 

8 

92.8 

RES 

■ 

i52 

SEC 

20 

8 

55,0 

RES 

a 

1.21 

SEC 

20 

6 

51,8 

RES 

■ 

•  •n 

SEC 

OcT  4,  1969 
Hi  6  M  3,6 
IaTITUDF.  •  51,435  N 

t^NGlTUf^E  ■  179,199  E 

Depth  s  6  km 

N-jMSER  of  phases  used  ■  10  STAVOARO  DEVIATION!  • 

CORR,  TIME  RAW  time 


,68  SEC 


5-16 

EP 

6 

34 

11.3 

6 

34 

Sn6 

ES 

6 

34 

18,3 

6 

34 

Sn8 

ES 

6 

34 

14,5 

6 

34 

Sn5 

EP 

6 

34 

13,9 

6 

34 

So5 

ES 

6 

34 

22,3 

6 

34 

Sn3 

ES 

6 

34 

21,4 

6 

34 

A3C 

IPG 
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34 

4,5 

6 

34 

AsC 

IS 

6 

34 

6 ,  n 

6 

34 

AsD 

IPG 

6 

34 

5.6 

6 

34 

Ase 

IPG 

A 

34 

4,6 

6 

34 

11.1 

RES 

z 

•,  36 

SEC 

16,0 

RES 

c 

.76 

SEC 

13,9 

RES 

a 

.68 

SEC 

13,9 

RES 

K 

•,26 

SEC 

21.8 

RES 

■ 

.37 

SEC 

20,6 

RES 

z 

.01 

SEC 

4.5 

RES 

■ 

•,78 

SEC 

6,0 

RES 

z 

•,58 

sr.c 

5,6 

RES 

• 

•.71 

SEC 

4.7 

RES 

a 

•1,32 

SEC 
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Oct  4,  1969 
H  ■  6  48  53,3 

LaTITUDF  ■  51,440  N 

Longitude  >  179,249  e 
DpPTH  a  4  KM 

Number  of  phases  used  ■  7  standard  deviation  ■ 


CORR. 

time 

So0 

EP 

6 

48 

58.4 

Sn6 

ES 

6 

49 

7.2 

So5 

ES 

6 

49 

12.7 

ASC 

IPG 

6 

48 

54.8 

Asc 

IS 

6 

48 

54.4 

AsO 

IPG 

6 

48 

55.8 

ASB 

IPG 

6 

48 

55.0 

RAW  time 


48 

58,6 

RES 

49 

4.9 

RES 

49 

12.2 

RES 

48 

54,8 

RES 

48 

54.4 

RES 

48 

55.6 

RES 

48 

55,1 

RES 

.24  SEC 


.01  sec 
•,oc  sec 
•.00  SEC 
■.16  SEC 
•07  SEC 
.51  SEC 
•.30  SEC 


OcT  4,  1969 

H  ■  7  31  36,8 

Latitude  •  5i,44i  n 

LONGITUDE  •  179,166  E 

OeFTH  «  7  KM 

Number  of  phases  used  •  9  standard  deviation 

CORR.  time  raw  TIM| 


.72  sec 


So4 

EP 

7 

3l 

44,6 

7 

31 

soa 

EP 

7 

31 

43.7 

r 

31 

S04 

ES 

7 

31 

56.9 

7 

31 

Sn5 

EP 

7 

31 

44.4 

7 

31 

So5 

ES 

7 

31 

55.7 

7 

31 

AsC 

IPG 

7 

31 

38.2 

7 

31 

AsC 

IS 

7 

3l 

39.6 

7 

31 

AsB 

IPG 

7 

31 

38,2 

7 

31 

AsD 

IPG 

7 

31 

39.2 

7 

31 

44,4 

RES  ■ 

■.16 

SEC 

43.9 

RCS 

.52 

SEC 

50,6 

RES  ■ 

.36 

SEC 

44,4 

RES  ■ 

•  .67 

SEC 

55.2 

RES  ■ 

1.13 

SEC 

18,2 

RES  ■ 

■.34 

SEC 

:i9.6 

RES  ■ 

■,22 

SEC 

38,3 

RES  * 

■1,30 

SEC 

39,2 

RES  ■ 

■  .83 

SEC 
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0 

0 

(1 

0 
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Oct  4,  1949 
H  «  8  43  2r',6 

Latitude  -  5i,44i  m 

L.-^NClTUnE  »  179,239  E 

DrPTH  s  4  <M 

^•.'M0ER  OF  PmaSES  used  ■ 


CORP, 

time 

Sn5 

EP 

9 

43 

31,7 

Sn5 

ES 

8 

43 

39,9 

ASC 

IPG 

A 

43 

22,1 

ASC 

IS 

A 

43 

23,7 

AsD 

IPC 

8 

43 

23,2 

A'^B 

IPG 

A 

43 

22,4 

OcT  4,  1949 
H  »  9  6  24,9 

LATiTUDr  •  51,408  N 

LGNCITU?3E  *  179,179  E 

DpPTH  »  7  KM 

MiiMBER  OF  phases  USED  ■ 


8 


S08 

IP 

CORR, 

9  6 

time 

30,9 

S06 

EP 

9 

6 

33,4 

5n6 

ES 

9 

4 

40,4 

Sn5 

♦EP 

7 

6 

35,3 

ASC 

IPC 

9 

6 

28,5 

A  \  A 

IPC 

9 

6 

33,3 

AcD 

IOC 

9 

6 

27,7 

AqB 

IPC 

9 

4 

28,9 

standard  deviation  s  ,25  SEC 


RAW  time 

8  43  31,7 

RES  s 

• ,  07 

SEC 

8  43  39,4 

RES  • 

••,04 

SEC 

a  43  22,1 

RES  ■ 

■.28 

SEC 

8  43  23,7 

RES  « 

.02 

SEC 

a  43  23,2 

RES  ■ 

.31 

SEC 

a  43  22,5 

RES  ■ 

-.44 

SEC 

standard 

deviation 

■ 

.37 

SEC 

RAW  TIME 

9 

8  31,1 

RES 

■ 

•.08 

SEC 

9 

8  33.2 

RES 

■ 

•.16 

SEC 

9 

8  40,3 

RES 

s 

.78 

SEC 

9 

8  35,3 

RES 

c 

.13 

SEC 

9 

8  28,5 

RES 

a 

•.43 

SEC 

9 

8  33,3 

RES 

a 

•.47 

SEC 

9 

8  27,7 

RES 

a 

•.10 

SEC 

9 

8  ?7,0 

RES 

a 

■.19 

SEC 
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SECTION  III 
HELD  OPERATIONS 

3-  1  EXPERIMENT  PREPARATION 

^  OCEAN-BOTTOM  SEISMOGRAPHS.  Fourteen  OBS  units  were  re¬ 

moved  from  storage  and  prepared  for  the  field  experiment.  (The  remaining  two 
units,  OBS  20  and  24,  which  had  been  loaned  to  Larnont- Doherty  Geological  Ob¬ 
servatory  could  not  be  repaired  in  time  to  meet  the  contract  schedule.  )  Ten  units 

were  scheduled  for  field  deployment,  with  the  other  units  serving  as  backup  sys¬ 
tems  and  spares. 

The  most  immediate  concern  was  the  condition  of  the  Yardney  SILVER- CEL® 
batteries:  most  of  the  batteries  on  hand  were  those  used  during  the  1967  Aleu¬ 
tian  Islands  Experiment,  and  their  storage  period  far  exceeded  the  man  ifac- 
turer's  specified  wet  life  of  9  to  12  months.  Load  tests  run  on  random  samples 
from  each  type  of  battery  showed  actual  cell  capacity  to  be  less  than  50  percent 
of  rated  capacity.  Fourteen  sets  of  new  batteries  were  ordered  and  expedited 
to  meet  the  field  operations  schedule.  Amp-hour  capacity  of  the  old  batteries 
was  sufficient  for  the  OBS  system  checkout  in  Dallas. 

System  checkout  primarily  involved  general  instrument  cleaning,  replacement 
of  dry  cells  in  the  calibration  and  backup-clock  units,  and  replacement  of 
O- rings.  Units  which  required  other  than  routine  maintenance  were 

•  Unit  15  (repaired  E-W  and  Z  seismometer  inputs  to  amplifiers; 
replaced  pressure  switch) 

•  Unit  16  (repaired  12-v  regulator) 

•  Unit  18  (replaced  current-limiting  resistor  on  regulator  board) 

•  Unit  19  (replaced  pressure  switch) 

•  Unit  21  (repaired  sonar  amplifier;  replaced  hydrophone  and 
male  antenna  jack) 
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In  addition  to  system  testing  and  maintenance,  two  modifications  of  the  OBS 
units  were  made. 

The  first  modification,  which  involved  only  the  Mark-IV  units,  was  insertion 
of  an  R-C  series  network  across  the  input  terminals  of  each  unity-gain  opera¬ 
tional  amplifier  in  the  trilevel  amplifier  channels  (Figure  III-l).  Addition  of 
these  components  eliminated  the  tendency  of  the  amplifier  to  oscillate  when 
used  in  the  unity- gain  configuration.  Modification  was  not  required  on  the 
Mark-V  units  due  to  internal  changes  in  the  operational  amplifiers. 

The  second  modification  was  performed  on  all  units  and  consisted  of  placing 
a  68-kilohm  resistor  across  pins  B  and  H  of  J104  and  running  a  lead  from  pin  H 
of  J104  to  terminal  3  of  TS1002  (Figure  III-2).  This  modification  makes  the 
digital-clock  time-code  output  available  at  the  external  release  wire  so  that 
digital-clock  operation  can  be  monitored  after  the  sphere  has  been  closed.  It 
has  the  additional  advantage  of  providing  a  means  whereby  the  digital-clock 
output  can  be  recorded  on  an  oscillograph  and  compared  with  WWV  and/or  a 
secondary  time  standard  immediately  prior  to  launch  and  immediately  afte^ 
recovery.  This  comparison  permits  calculation  of  clock  drift  essentially  over 
the  period  that  the  unit  was  actually  in  the  water.  Previously,  it  was  necessary 
to  close  the  sphere  as  late  as  possible  before  launch  and  open  it  as  quickly  as 
possible  after  recovery  to  obtain  this  time  check.  A  further  advantage  is  that, 
if  rough  seas  make  at-sea  prelaunch  checkout  hazardous,  it  is  now  possible 
to  completely  prepare  the  units  for  launch  before  leaving  port. 

^-2  AUXILIARY  FQUIPMENT,  Preparation  of  the  auxiliary  equip¬ 

ment  primarily  involved  cleanup  and  testing,  calibration  of  measurement 
instrumentation,  routine  maintenance,  and  replenishment  of  the  spares  com¬ 
plement.  Due  to  an  excessive  drift- rate  problem,  the  rubidium  frequency 
standard  used  with  the  Omega/VLF  navigation  system  was  returned  to  the 
factory  for  repair. 
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Major  items  of  auxiliary  equipment  purchased  were 

•  Systron-Donner  Model  8150-306  time- 
code  generator  with  slow  code  option  A 

•  RF  Communications  SSB  transceiver, 
Type  SB6FB  with  1-kw  linear  amplifier, 
Type  RF  102  (lease- pure  base  agreement 
from  29  August  to  28  November;  pur¬ 
chased  2  December) 

•  Nobrush  Model  30-003  400-cycle  con¬ 
verter  (used  with  GSI-owned  Sperry 
Loran-C  receiver) 

•  30  base-anchor  castings 


Purchase  of  the  time-code  generator  provided  an  accurate  and  reliable  sec- 
oi.dary  time  standard  which  can  be  easily  traced  to  WWV.  The  generator 
contains  a  c rystal -controlled  oscillator  accurate  to  1  part  in  10^  per  day, 
and  provisions  are  included  for  the  use  of  an  external  1-MHz  time  base. 
Generator  output  is  a  binary  seconds-minutes-hours  code  with  a  30-sec  time 
frame. 

^  SHIP  SELECTION.  Due  to  the  time  factor,  only  vessels  avail¬ 

able  on  the  West  Coast  were  surveyed  for  use  during  the  MILROW  experiment. 
The  M/V  SEA  SCOPE  (Figure  III-3)  was  selected  as  being  the  most  suitable, 
based  on  ease  of  rigging,  rigging  costs,  speed,  and  accommodations. 


Built  in  1945,  the  SEA  SCOPE  is  a  U.  S.  Coast  Guard-certified  vessel  and 
was  used  in  a  previous  OBS  operation  in  the  Kurile  Islands  and  Aleutian  Is- 

I 

lands  areas.  Specifications  of  this  vessel,  which  is  owned  by  the  Sea  Scope 
Corporation  of  Santa  Barbara,  California,  are  given  on  the  following  page. 
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Length 

Beam 

Draft 

Tonnage 

Gross 

Net 

Propulsion 

Range 

Endurance 

Speed 

Cruising 
Maximum 
Crew  complement 
Scientific  staff 
Power 

Radar 

Gyro 

Radio 


185  ft  2  in. 
ft 

9  ft  6-3/4  in. 

685 

522 

Twin  screw,  two  1800-hp  Alco  diesels 
10,  000  mi 
30  days 

12  knots 
14  knots 
17 

13 

One  100-kw,  60-Hz,  220-v  supply 
Two  60-kw,  60-Hz,  220-v  supp'  ^s 
Decca  Model  404 
Sperry  Mark  IV 
Northern  23- channel  unit 


Figure  111-3.  M/V-SEA  S|COPE 


III -6 


s«rvlo«s  group 


o 


1  •  SHIP  RIGGING.  The  SEA  SCOPE  was  placed  in  drydock  at 

Fellows  and  Stewart  Shipyard,  Terminal  Island,  California,  from  25  to  28 
August  1969.  During  this  period,  the  bottom  was  cleaned  and  painted,  the 
Edo  12-kHz  transducer  for  the  fathometer  was  installed,  and  vessel  recerti- 
fication  was  obtained. 

Ship  rigging  was  performed  at  Stearns  Wharf,  Santa  Barbara,  California,  from 
29  August  to  5  September.  Four  lengths  of  4-in.  channel  were  welded  along 
the  length  of  the  cargo  hold  to  serve  as  tracks  for  moving  and  securing  the  OBS 
units.  Additional  channel  was  welded  thwart  ship  at  the  forward  end  of  the  hold 
so  that  the  units  could  be  sidetracked  for  testing  and  checkout.  A  small  winch 
was  installed  at  the  forward  end  of  the  hold  to  aid  in  moving  the  units. 

Two  work  benches  were  installed  in  the  cargo  hold,  and  a  third  was  installed 
in  the  sonar-recall  room.  Padeyes  were  welded  to  the  deck  on  the  starboard 
side  of  the  cargo  hatch  so  that  two  OBS  units  could  be  secured  on  deck.  Addi¬ 
tional  padeyes  were  welded  to  the  0-1  deck  to  secure  the  spare  anchors. 

A  Galeon  Model  125  hydraulic  crane  (12- 1/2 -ton  capacity)  was  welded  aft  of 
the  cargo  hatch  on  the  vessel  centerline.  Placement  of  the  crane  in  this  loca¬ 
tion  provided  easy  access  to  the  cargo  hold  and  also  permitted  the  unics  to  be 
launched  and/or  recovered  from  either  side  of  the  vessel. 

The  anten.-a  complement  installed  aboard  the  SEA  SCOPE  consisted  of 

•  35-ft  whip  single-sideband  (SSB)  communications 

•  30-ft  whip  —  L/oran-A/C  receivers 

•  25-ft  whip  —  Omega/VLF  receivers 

•  9-ft  whip  —  OBS  beacon  receiver 

•  9-ft  whip  ~  general  receiver,  WWV 

•  ADF  loop  —  direction  finder 
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A  field  engineer  from  Meva  Electronics,  Seattle,  Washington,  was  engaged  to 
install  and  align  the  Sperry  Loran-C  receiver.  The  results  of  this  effort  were 
disappointing  primarily  because  of  the  receiver's  dependence  on  a  stable  400-Hz 
input  power  source.  Frequency  variations  in  the  ship's  power,  which  was  con 
verted  from  60  Hz  to  400  Hz,  exceeded  the  tolerances  required  for  proper  re¬ 
ceiver  operation. 

Major  equipment  items  installed  aboard  the  SEA  SCOPE  are  listed  below  ac¬ 
cording  to  location. 

•  Navigation  room 

—  Omega/VLF  navigation  system 
—  Sperry  Loran-C  receiver 
““  D-X  Navigator  Loran-A/C  receiver 
—  Bendix  ADF  receiver 
—  Cadre  510-A  receiver 
—  Hammarlund  receiver 

—  time-code  generator 

—  Ocean  Sonics  GDR-T  precision  depth  recorder 

—  1-kw  linear  amplifier  (for  SSB  transceiver) 

•  Cargo  hold 
—  OBS  units 

—  Cadre  510-A  receiver 

—  battery  chargers 

—  test  equipment 

•  Sonar- recall  room 

—  sonar- recall  cabinet 

—  Honeywell  Visicorder  and  galvo  amplifiers 
—  WWVT  receiver 

•  Radio  room 

—  RF  Communications  SB6FB  SSB  transceiver 

An  intercom  system  connecting  the  bridge,  navigation  room,  galley,  and  cargo 
hold  was  established.  Miscellaneous  items  such  as  floodlights,  electrical 
outlets,  etc.  ,  were  installed  as  required. 
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CRUISE.  A  shakedown  cruise  was  conducted  off 
Santa  Barbara  from  6  to  8  September  1969.  The  purposes  of  this  cruise  were 
to  test  the  six  OBS  units  assembled  in  1968  which  had  not  been  tested  opera¬ 
tionally.  check  out  auxiliary  equipment  and  ship's  rigging,  and  orient  new  TI 
personnel  and  ship's  crew  to  OBS  procedures.  Each  unit  was  launched  with  a 
buoy  line  attached  to  the  anchor  to  permit  retrieval  after  the  unit  was  recalled. 

Five  units  were  launched  and,  after  approximately  24  hr  on  the  bottom,  were  re¬ 
covered  by  sonar  recall.  The  sixth  unit,  OBS  30,  was  dragged  along  the  bottom 
for  a  short  time  after  launch  when  the  buoy  line  became  entangled  in  the  ship's 
rudder.  This  unit  surfaced  2  hr  later  and  was  recovered  by  a  crew  boat  which 
had  been  employed  to  stand  by  in  the  area.  Damage  to  the  unit  was  minor.  Tapes 
from  these  units  were  returned  to  Dallas  and  examined  for  proper  unit  operation. 

The  amount  of  at-sea  time  logged  during  these  tests  was  substantially  below 
plan  due  to  heavy  fog  throughout  the  morning  hours.  This  factor,  along  with 
the  requirement  for  the  vessel  to  return  to  port  each  evening  for  completion 
of  rigging  operations,  reduced  the  time  available  to  test  the  operation  of  all 
auxiliary  equipment;  therefore,  testing  of  the  ADF  and  timing  equipment  was 
not  accomplished.  Performance  of  all  equipment  tested  was  satisfactory  with 
the  exception  of  the  Sperry  Loran-C  receiver;  frequency  variations  of  ship's 
power  resulted  in  very  sporadic  operation. 

Final  rigging  operations  were  completed  on  9-10  September,  and  the  SEA  SCOPE 
S3-llcd  for  Amchitka  at  1800Z  on  10  September. 

3.2  AT-SEA  OPERATIONS 

The  SEA  SCOPE  arrived  at  Amchitka  on  23  September  1969;  heavy  seas  en¬ 
countered  while  enroute  to  the  island  delayed  the  arrival  by  approximately  3 
days.  Texas  Instruments  technical  personnel  had  arrived  in  advance  of  the  ves¬ 
sel  to  insure  proper  coordination  of  communication  and  logistic -support  require¬ 
ments  with  the  AEC.  Prelaunch  preparations  were  completed  on  23 -24  September. 
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3.2.  I  OCEAN-BOTTOM  SEISMOGRAPH  PROGRAM.  Ten  OBS  units 

were  deployed  around  Annchitka  Island  in  the  pattern  illustrated  in  Figure  III-4. 
Deployment  operations  were  conducted  on  25,  26,  27,  and  30  September  under 
very  favorable  weather  conditions.  The  only  equipment  difficulty  encountered 
was  a  hydrophone  malfunction  on  unit  18  which  was  detected  during  prelaunch 
checkout;  this  unit  was  replaced  by  unit  25.  Digital-clock  and  backup-c  ick 
programmed  releases  were  set  at  30  days  and  31  days,  respectively.  Unit 
drop  information  is  summarized  in  Table  lll-l,  with  stations  listed  according 
to  launch  sequence. 

Use  of  the  time-code  generator  as  a  secondary  time  standard  produced  good 
results.  The  rubidium  frequency  standard  was  used  as  an  external  time  base 
for  the  generator  to  reduce  drift  to  a  minimum.  After  prelaunch  checkout, 
the  output  of  the  time-code  generator  was  applied  to  the  pressure-channel 
input,  and  approximately  5  min  of  time-code  information  was  recorded  before 
closing  the  sphere.  Reset  of  the  digital  clock  was  accomplished  during  this 
5-min  interval,  and  a  comparison  of  the  reset  pulse  with  the  time  code  during 
analysis  permitted  the  exact  clock  reset  time  to  be  established. 

Immediately  prior  to  launch  and  immediately  after  recovery,  the  time-code 
generator  output,  WWV  signal,  and  OBS  digital-clock  output  were  recorded 
simultaneously  on  the  oscillograph.  These  signals  were  compared  to  provide 
a  positive  check  on  timing  accuracy.  This  procedure  was  not  instituted  until 
after  the  first  four  units  had  been  deployed;  time  checks  were  made  before 
each  of  tne  remaining  six  launches  and  after  each  rec  very. 


The  SEA  SCOPE  sailed  from  Amchitka  on  1  October  to  stand  by  at  coordinates 

51°3l.0'N,  178°12.8'E.  MILROW  was  detonated  at  2206Z  on  2  October,  and 

the  vessel  received  clearance  to  return  to  the  island  I  hr  later. 
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Figure  III-4.  OBS  Deployment  Pattern 


Table  III-l 


OBS  DEPLOYMENT  SUMMARY 


Water 

i 

OBS 

Deploym  ent 

Depth 

Digital- 
Clock  Reset 

Station 

Unit 

Date 

(fm) 

Latitude 

Longitude 

7 

30 

9/25 

237 

5  1°34.  O'n’^ 

179‘’20.  O'E 

9/25 

0740Z 

6 

27 

9/26 

470 

51°46.  5'N'^ 

179‘’06.  5'r 

9/25 

0828Z 

1 

28 

9/26 

612 

5  r40.  O'N 

179°47. O'E 

9/25 

2115Z 

8 

26 

9/26 

770 

5 1°22. O'N* 

179°35. 7'E 

9/25 

2242Z 

9 

22 

9/27 

124 

51‘’15.5'N 

179°20.  7'E 

9/26 

0804Z 

10 

29 

9/27 

190 

5ri9.  O'N 

178°55.  8'E 

9/26 

075  IZ 

5 

19 

9/27 

675 

5ri9.  O'N* 

178°27. 5'E 

9/27 

0500Z 

4 

31 

9/30 

1670 

5ron.5'N 

178°52.  3'E 

9/29 

2055Z 

3 

21 

9/30 

1814 

5  0°59.0'N* 

179°21. 5'E 

9/29 

2007Z 

2 

25 

9/30 

1055 

51°12.5'N 

179°48.  5'E 

9/29 

2345Z 

* 

Indicates  deployment  coordinates  after  final  analysis  of  navigation  data. 
This  analysis  was  performed  only  for  those  stations  from  which  raw  data 
were  obtained.  Remaining  coordinater  are  approximate  deployment 
locations. 

Indicates  digital-clock  reset  times  obtained  from  field  data.  Exact  time 
of  reset  is  determined  during  data  analysis. 


Checkout  and  calibration  of  the  ADF  equipment  was  performed  on  14  October. 
An  OBS  unit  was  placed  on  the  dock  with  the  beacon  transmitter  in  operation 
while  the  SEA  SCOPE  maneuvered  in  the  harbor.  All  equipment  functioned 
satisfactorily. 
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Table  III -2 

OBS  RECOVERY  SUMMARY 


Recall 

Component  Operatioi 

Method 

T  ransmitter 

Beacon  Light 

Remarks 

Sonar 

Yes 

No 

Backup 

clock 

Yes 

Yes 

Unit  recovered  by 

SEA  SCOPE  while 
enroute  to  Santa 
Barbara 

Sonar 

Yes 

No 

Unit  not  recovered 

Sonar 

Yes 

No 

Beacon  light  inter¬ 
mittent  when 
sighted;  failed 
before  recovery 

Sonar 

Yes 

Yes 

Unit  released  during 
sonar  recall  of 
station  4  or  sta¬ 
tion  5 

Sonar 

Yes 

No 

Time  code  not  taped 
after  recovery  due 
to  recorder  mal¬ 
function 

Unit  not  recovered 

Sonar 

Yes 

Yes 

Sonar 

Yes 

Yes 

. 

Postrecovery  time 
check  not  made 
until  sphere  was 
opened 
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Prime  recovery  operations  were  conducted  fr<^m  16  to  18  October,  and  seven 
units  were  recovered  by  sonar  recall.  OBS  recovery  operations  are  sum- 
njarized  in  order  of  sonar  recall  in  Table  III-2.  A  minimum  of  6  hr  per  sta¬ 
tion  was  spent  attempting  to  recall  the  remaining  three  units.  Subsequent 
searches  of  the  areas  of  these  three  stations  on  25,  26,  and  30  October  for 
possible  clock  recall  were  conducted  without  success. 

The  SEA  SCOPE  departed  for  Santa  Barbara  on  1  November  1969.  Approxi¬ 
mately  4  hr  after  departure,  the  beacon  light  on  unit  25  (station  2)  wis  sighted. 
Unit  retrieval  was  accomplished  by  members  of  the  ship's  crew,  and  the  ves¬ 
sel  returned  to  Amchitka  for  removal  of  the  tape  re  »l.  The  SEA  SCOPE  then 
resumed  her  transit  to  Santa  Barbara. 

Weather  conditions  were  very  favorable  throughout  the  conduct  of  OBS  opera¬ 
tions.  Although  several  storm  systems  passed  through  the  Amchitka  area 
during  the  field-operations  period,  the  launch  and  recovery  schedule  was  not 
affected. 

3.2.  1.  1  Navigation.  Overall  navigation  accuracy  during  the  MILROW 

experiment  was  considered  good.  The  major  disappointment  was  performance 
o/  the  Sperry  Loran-C  which  proved  to  be  useless  due  to  very  sporadic  opera¬ 
tion.  The  primary  difficulty  was  the  frequency  instability  of  ship's  power, 
but  poor  signal  strength  was  also  a  contributing  factor. 

Due  to  the  proximity  to  Amchitka,  it  was  not  necessary  to  employ  celestial  or 
dead- reckoning  navigation.  The  methods  of  navigation  used  were  Omega, 
Loran  A,  and  radar;  the  effectiveness  of  each  of  these  methods  is  discussed 
in  the  following  paragraphs.  Table  III-3  shows  the  estimated  navigation  ac¬ 
curacy  of  the  launch/recovery  coordinates  for  each  station. 


Table  III- 3 


ESTIMATED  ACCURACY  OF 
OBS  STATION  LOCATIONS 


Launch  Coordinates 

Recovery  Coordinates 

Estimated 

Accuracy 

Station 

{ 

Latitude 

Longitude 

Latitude 

Longitude 

(mi) 

1 

51°40. O'N 

179°47.  O'E 

Not  re 

covered 

1 

±0. 5** 

2 

51°12.5'N 

179°48. 5'E 

Not  av 

1 

ailable 

±1.5** 

3 

50°59.  O'N 

179°21.  5'E 

5r00.  O'N 

179°19.  I'E 

±1.0 

4 

5l’^0.  '.'N 

178°52. 3'E 

Not  re 

covered 

-  n** 

±2.  0 

5 

5l'’l9.  O'N 

178°27. 5'E 

5ri9.  3'N 

178®25. 3'E 

±1.  0 

6 

51®46. 5'N 

179°06. 5'E 

5r47.  O'N 

179®05. 6'E 

±0.  5 

7 

51°34.  O'N 

179°20.  O'E 

5r33.4'N 

179°15.8'E 

±0.  5 

8 

51°22. O'N 

179‘’35.  7'E 

5r20.  7'N 

179®33.2'E 

±0.  5 

9 

51°15.  5'N 

179°20.  7'E 

51‘’15.  5'N 

179°19. 9'E 

±0.  5** 

10 

51°19. O'N 

1 

178‘’55.  8'E 

51°17.6'N 

179°00.  3'E 

±0.  5 

❖ 

SEA  SCOPE  recovered  unit  from  station  2  while  enroute  to  Santa  Barbara. 


Accuracy  estimation  based  only  on  preliminary  field  investigation  of  data, 
final  analysis  was  not  performed,  since  no  raw  data  were  obtained  from 
these  stations. 
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3.  2,1.  1.1  Omega.  Charts  covering  the  area  of  operations  were  obtained 

for  the  following  stations: 

•  ALDRA  (13.6  kHz)  —  Omega  station  in  Norway 

•  HAIKU  (13.6  kHz)  —  Omega  station  in  Hawaii 

•  TRINIDAD  (13.6  kHz)  —  Omega  station  in  Trinidad 

•  GBR  (16.0  kHz)  —  VLF  station  in  Dngland 

•  NSS  (21.4  kHz)  —  VLF  station  in  Maryland 

•  NPG  (18.6  kHz)  —  VLF  station  in  the  state  of  Washington 

Reception  from  TRINIDAD  and  NSS  was  very  poor,  and  NPG  was  off  the  air 
for  modification  during  the  operations  period.  GBR  reception  was  too  poor 
at  the  beginning  of  the  program  to  obtain  suificient  diurnal  information.  There¬ 
fore,  ALDRA  and  HAIKU  were  used  to  obtain  Omega  positions. 

Diurnal  corrections  for  ALDRA  and  HAIKU  were  obtained  before  and  after 
both  the  launch  and  recovery  operations.  These  curves  are  presented  in 
Figure  III-5  through  Figure  UI-8. 

The  quality  of  reception  from  ALDRA  and  HAIKU  was  acceptable  throughout 
the  launch  and  recovery  operations.  Neither  station  was  off  the  air  at  any 
time  during  these  periods,  and  variations  in  the  daily  diurnal  curves  were 
not  considered  excessive.  When  plotting  the  final  Omega  positions  for  launch 
and  recovery,  an  a  verage  value  of  the  diurnal-shift  curves  for  the  appropriate 
period  was  used. 

3.2,  1,  1.2  Loran  A.  Since  the  operations  area  was  approximately  mid¬ 
way  between  the  Loran-A  stations  at  Shernya  and  Adak,  Loran  A  (rate  1L2) 
proved  to  be  a  very  reliable  and  useful  navigation  aid  for  determining  position 
longitude.  Loran-A  lines  of  position  were  checked  frequently  during  the  in¬ 
port  periods  and  also  compared  at  sea  with  positions  determined  by  other 
methods.  This  aid  was  extremely  useful  during  the  sonar- recall  phase  and 
when  search  operations  were  being  conducted. 
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Figure  III-7.  ALDRA  Diurnal  Corrections,  Amchitka,  Alaska, 
13-15  October  and  20-22  October  1969 


3.  2.  1.  1. 3 


Radar.  The  Decca  Model  404  radar  unit  aboard  the  SEA  SCOPE 
was  the  primary  navigation  aid  utilized  on  those  stations  located  on  the  20- 
and  30-km  rings.  It  was  also  used  successfully  on  stations  1  and  6,  where  it 
was  possible  to  obtain  bearings  from  Semisopochnoi  Island. 

3.2.  U2  Communications .  Texas  Instruments  maintains  a  radio 

station  in  Dallas  (call  letters  KUK)  to  maintain  contact  with  its  various  marine 
operations.  During  the  MILROW  experiment,  the  SEA  SCOPE  was  assigned 
the  call  letters  WX5102,  unit  7.  A  24-hr  operating  schedule  was  established. 
The  single- sideband  transceiver  aboard  the  SEA  SCOPE  was  equipped  to  op¬ 
erate  at  the  following  frequencies: 

F  rcquency 


(kHz) 

Station 

4133. 0 

KOV  (AEC-Amchitka) 

6200.  5 

KUK  (TI-Dallas) 

7610. 0 

MARS  (NAVCOM-Adak) 

8273.0 

KTE-97  (TI-Anchorage) 
KOV  (AEC-Amchitka) 
KUK  (TI-Dallas) 

12410.  5 

KUK  (TI-Dallas) 

16537.  0 

KUK  (TI-Dallas) 

Single-sideband  communications  with  Dallas  were  extremely  dependent  on 
time  of  day.  In  general,  traffic  was  very  good  between  0300Z  and  lOOOZ, 
and  daily  contacts  could  be  made.  At  other  times  ommunications  were  un¬ 
reliable. 

The  AEC  long-line  system  was  also  available  for  stateside  communications 
and  operated  24-hr  per  day.  Poor  clarity  of  reception,  however,  occasionally 
prevented  transmission  of  field  data. 


o 


% 

4- 


Local  communications  (i.  e.  ,  ship-to-ship  and  ship-to-shore)  were  much  more 
reliable.  The  AEC  supplied  two  portable  transceivers  which  operated  on  the 
Amchitka  Net- A  frequency.  These  units  were  very  useful  for  comm’^nications 
between  the  dock  area  and  main  camo  and,  in  certain  instances,  for  ship-to- 
shore  communications.  The  SSB  transceiver  and  Northern  marine  radio  aboard 
the  SEA  SCOPE  provided  all  additional  coverage  required. 

3.2.  1..-,  Logistics  and  Support.  Logistical  support  requirements 

on  Amchitka  were  coordinated  by  the  TI  operations  assistant  and/or  the  AFTAC 
technical  monitor.  Cooperation  of  the  AEC  site  manager  and  other  Amchitka- 
based  AEC  personnel  was  excellent.  Requests  for  control-tower  monitoring 
of  the  OBS  beacon  transmitter  frequency,  as  well  as  requests  for  fuel  and 
commissary  items,  received  prompt  attention.  Aid  in  obtaining  flights  over 
the  OBS  deployment  area  to  monitor  for  premature  surfacing  of  the  units  was 
also  furnished. 
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3.2,2  BATHYMETRIC  SURVEY.  A  post-MILROW  bathymetric  sur¬ 

vey  of  the  southern  offshore  Amchitka  area  was  conducted  from  8  to  10  October 
1969.  Survey  tracks •  supplied  by  the  USGS,  were  identical  to  those  surveyed 
by  the  R/V  THOMAS  G.  THOMPSON  shortly  before  the  MILROW  eve  .t.  This 
experiment  was  performed  to  detect  any  evidence  of  sediment  slumping  which 
could  be  attributed  to  the  explosion. 

Survey  equipment  consisted  of  an  Ocean  Sonics  GDR-T  precision  depth  recorder 
and  an  Edo  12-kHz  transducer.  Several  tracks  were  surveyed  more  than  once  to 
improve  on  recoid  quality  and/or  navigation  accuracy.  Omega,  Loran  A,  and 
radar  were  employed  as  navigation  aids,  with  radar  proving  to  be  most  useful. 
Diurnal  variations  for  Omega  ALDRA  and  Omega  HAIKU  were  plotted  for  the 
2-day  periods  before  and  after  the  survey,  but  the  day-to-day  variations  of  the 
ALDRA  diurnals  were  sufficiently  large  to  make  the  usefulness  of  ALDRA  data 
questionable.  Additionally,  HAIKU  was  off  the  air  from  1904Z  on  9  October  to 
0230Z  on  10  October, 
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Table  III-4 

END-POINT  COORDINATES  OF 
BATHYMETRIC  SURVEY  TRACKS 


Poini 


0  (start) 


22  (end) 


Latitude 


51°11.  I'N 
51°23. O'N 
51°24.2'N 
51°24. 3'N 
51°18.6'N 
51°10.8’N 
51°10.3'N 
51°13. 2'N 
51°18. 8‘N 
51°28.2'N 
51°31.8'N 
5ri9.8’N 
srio.s'N 
51°09. 9'N 
51°10.  6'N 
51°16.5'N 
51°25.7'N 
51°32.6'N 
5r27.  4’N 
51°20. 3'N 
51°23. 8'N 
51°19. I'N 
51''16.8'N 
5r20.  O'N 
51°16.8'N 


Longitude 


179°16.4'E 

179°08. 5'E 

179°04.2'E 

179°04.6'E 

179°08.  O'E 

179°10.  2'E 

179°10.  O'E 

179°04.7'E 

179®00.5'E 

178°58.  I'E 

178°49.6'E 

178®56.8'E 

179°05. O'E 

179°02.5'E 

178‘’59.9'E 

178°54. 5'E 

178°50. 7'E 

178‘’43.  I'E 

178'’59.  O'E 

179‘’04.2'E 

179°04.9'E 

179°11.8'E 

179°16.6'E 

179°16.8'E 

179°21.3'E 


Indicates  start  position  for  survey  of  track  2-3. 

Indicates  point  of  course  change  during  survey  of  track  9-10. 
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A  thorough  analysis  of  all  navigation  data  was  performed  in  Dallas  following 
the  survey.  The  final  navigation  results  represent  a  combination  of  radar, 
Loran  A,  and  Omega  data  after  weighing  the  information  from  each  source 
according  to  signal  strength,  time  of  day,  and  reliability  during  the  survey. 
Navigation  accuracy  is  estimated  at  ±1/4  mi  within  7  mi  of  the  island  and  ±3/4 
mi  for  distances  beyond  7  mi. 

End-point  coordinates  of  the  survey  tracks  are  listed  in  Table  III-4.  For  those 
tracks  which  were  surveyed  more  than  once,  coordinates  are  listed  only  for 
the  last  survey.  Survey  data  were  forwarded  to  the  USGS  for  analysis. 

WATER-SAMPLE  SURVEY.  At  the  request  of  the  AEG  site 
manager,  the  SEA  SCOPE  was  made  available  to  personnel  from  Isotopes  Inc. 
to  conduct  a  water-sample  survey  in  the  nearshore  Amchitka  area  on  23-24 
October.  Water  depth  permitting,  samples  were  pumped  aboard  the  vessel. 

In  the  shallower  depths,  a  life  boat  was  deployed,  and  samples  were  obtained 
with  a  bucket. 

3.  3  FAILURE  ANALYSIS  AND  EQUIPMENT  EVALUATION 

Of  the  eight  OBS  units  recovered,  five  units  contained  some  useful  data.  How¬ 
ever,  data  quality  from  two  of  these  units  was  significantly  affected  by  equip¬ 
ment  malfunctions.  This  section  contains  a  discussion  and  analysis  of  the 
equipment  malfunctions  and  a  general  evaluation  of  OBS  equipment. 

3.  3.  1  OCEAN-BOTTOM  SEISMOGRAPHS.  The  three  units  which  func¬ 

tioned  properly  throughout  the  on- bottom  recording  period  were  located  on 
stations  5,  6,  and  8  (OBS  units  19,  27,  and  26,  respectively).  Each  of  the  re¬ 
maining  units  malfunctioned  to  some  degree;  the  following  is  a  discussion  of 

the  malfunctions,  the  causes  (if  determinable),  and  the  resultant  effect  on  data 
collection. 
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-Station  1  —  Unit  This  unit  was  not  recovered,  although 

sonar  recall  was  attempted  for  two  4-hr  periods  and  lengthy  search  operations 

were  conducted  during  the  programmed  clock-release  periods.  Comparison  of 

bathymetric  data  recorded  during  launch  with  that  obtained  during  recovery 

attempts  and  the  excellent  agreement  among  the  navigation  aids  verified  that 

the  ship  was  on  station.  No  explanation  for  the  unit's  failure  Ic,  release  is 
available. 

^  ^taUgn  2  —  Unit  25  was  recovered  by  the  SEA 

SCOPE  while  enroute  Santa  Barbara  after  completing  the  field  operations. 
Attempts  at  sonar  recall  and  a  search  of  the  area  at  the  time  of  b.nckup-clock 
release  had  been  unsuccessful.  Although  an  accurate  fix  was  not  obtained,  the 
unit  was  approximately  on  station  at  the  time  of  recovery.  This  factor  -  and 
the  operation  of  the  tape  recorder  for  the  full  30-day  period  -  indicates  that 
the  unit  was  released  by  the  backup  clock.  (Digital-clock  release  was  not  pos¬ 
sible  for  reasons  discussed  later.)  The  unit's  failure  to  surface  immediately 

18  attributed  to  entanglement  with  the  anchor  of  a  "tag"  line  which  could  not  be 
freed  at  time  of  launch. 

Inspection  of  the  unit  revealed  that  the  main  wiring  harness  had  developed  a 
short  which  extensively  damaged  a  section  of  the  harness.  The  lead  from  the 
B200  supply  had  burned  in  two,  which  removed  power  from  the  reactance  am¬ 
plifiers  and  the  digital- clock  oscillator.  When  power  is  removed  from  the 
digital-clock  oscillator,  the  clock  free-runs  at  about  60-percent  normal  rate. 
Therefore,  digital-clock  release  would  not  be  activated  until  approximately 

41  days  after  clock  reset.  Two  integrated  circuits  in  the  digital  clock  were 
also  damaged. 

Examination  of  the  tape  film  showed  that  the  malfunction  occurred  49  min  after 

clock  reset,  evidenced  by  an  abrupt  change  in  the  clock  rate  and  loss  of  signal 

on  the  data  channels.  Due  to  the  severity  of  the  malfunction,  the  exact  cause 
could  not  be  determined. 
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Failure  of  the  unit  to  respond  to  sonar  recall  was  connected  with  the  malfunc¬ 
tion  just  described.  The  release  contact  leads  which  connect  the  sonar  ampli¬ 
fier  and  decoder  unit  to  the  release  relay  leads  at  TSIOOI  are  part  of  the  main 
wiring  harness;  the  positive  lead  was  open  in  the  damaged  section  of  the  harness. 

After  replacement  of  the  digital  clock  and  the  damaged  v  ires  in  the  harness,  the 
unit  was  thoroughly  tested;  all  components  including  the  sonar-release  subsys¬ 
tem  functioned  properly. 

3.  3.  1-.  3  Station  3  —  Unit  21.  The  tape-recorder  takeup  reel  in  this 

unit  bound  against  the  beacon  transmitter,  and  all  of  the  tape  was  deposited  in 
the  bottom  of  the  sphere.  Binding  resulted  from  slight  misalignment  of  the 
transmitter. 

Approximately  73  percent  of  the  raw  data  recorded  by  the  unit  was  useful  for 
event-arrival  analysis  only.  The  remaining  event-arrival  data  and  all  ampli¬ 
tude  information  were  not  useful  for  analysis  due  to  tape- speed  fluctuations. 

Poor  tension  in  the  tape-recorder  pinch-roller  springs  was  found  to  be  the 
cause  of  this  problem.  Proximity  of  the  tape  to  the  seismometer  magnets 
when  it  was  deposited  in  the  bottom  pan  apparently  did  not  significantly  affect 
the  data. 

3.3.  1.4  Station  4  —  Unit  31.  This  unit  was  not  recovered,  and  the 

cause  of  failure  cannot  be  stated  conclusively.  However,  examination  of  the 
prelaunch  time-check  information  showed  that  the  digital  clock  did  nci  reset 
to  0  days  but  rather  to  22  days.  With  proper  digital- clock  and  release-mech¬ 
anism  operation,  the  unit  would  have  released  on  6  October. 

If  release  actually  occurred,  the  beacon  transmitter  apparently  failed  to  func¬ 
tion  properly;  the  Amchitka  control  tower  was  periodically  monitoring  the 
beacon  frequency  at  this  time,  and  the  SEA  SCOPE  was  in  the  station  area  on 
8  October  conducting  the  bathymetry  survey.  Normal  operating  range  of  the 
transmitter  is  sufficient  for  reception  by  each  of  these  monitors. 
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3.  3.  1.5 


Station  7  —  Unit  30.  None  of  the  raw  data  obtained  by  this 
unit  could  be  used  for  event-arrival  or  amplitude  analysis  due  to  excessive 
clock  drift  and  fluctuations  in  the  tape  speed.  Cause  of  the  tape-speed  fluc¬ 
tuations  was  the  same  as  that  described  for  station  3,  unit  21. 

Excessive  clock  drift  —  roughly  5. 5  min  —  was  attributed  to  the  poor  stability 
vs  temperature  characteristics  of  the  particular  clock  oscillator  and  the  rela¬ 
tively  shallow  depth  of  the  station.  Most  of  the  clock  drift  occurred  between 
the  times  of  clock  reset  and  launch  when  the  ambient  temperatur*^  inside  the 
sphere  greatly  exceeded  the  crystal  design  temperature  of  2°C.  Also,  since 
the  water  temperature  at  the  bottom  undoubtedly  exceeded  the  usual  oscillator 
operating  temperature  (4°C)  at  the  deeper  stations,  a  slightly  higher  clock- 
drift  .ate  was  expected. 

3.  ?.  1.  6  Station  9  ~  Unit  22.  The  tape-recorder  drive  motor  developed 

a  short  circuit  shortly  after  launch,  and  no  data  were  obtained  from  this  unit. 
All  subsystems  functioned  properly  after  the  motor  was  replaced.  Cause  of 
the  malfunction  was  not  discernible. 

3*  3-  1.  7  Station  10  —  Unit  29.  No  data  were  obtained  from  this  unit 

because  the  tape-recorder  pinch-roller  springs  were  locked  in  the  open  posi¬ 
tion  when  the  sphere  was  closed.  This  was  simply  a  human  error,  and  no 
equipment  malfunction  occurred. 

The  digital  clock  in  this  unit  was  losing  I  sec  every  42  sec  at  the  time  of  re¬ 
covery.  This  is  usually  indicative  of  low  voltage  input  to  the  oscillator,  but 
postrecovery  supply- voltage  measurements  made  aboard  ship  were  within 
tolerance.  Oscillator-drift  tests  conducted  in  Dallas  during  refurbishment 
showed  no  further  indication  of  the  high  drift  rate,  and  the  unit  is  considered 
ready  for  field  use. 


o 


3*  1*8  Beacon  Lights.  Four  of  the  beacon  lights  failed  to  operate 

properly  after  unit  release  due  to  flooding  of  the  assembly.  Although  the  per¬ 
centage  of  beacon-light  malfunctions  traditionally  has  been  high,  it  had  not 
approached  this  magnitude.  The  high  malfunction  percentage  during  the 
MILROW  operation  apparently  resulted  from  using  a  dry  cell  of  different  man¬ 
ufacture  than  in  previous  operations.  Both  manufacturers  specify  identical 
physical  dimensions,  but  the  batteries  used  were  difficult  to  insert  in  the 
beacon-light  assembly.  This  slight  oversize  could  prevent  the  O-ring  in  the 
pressure-case-assembly  end  plate  from  seating  properly  and  permit  seawater 
to  enter  the  case. 

3*  1*9  Digital  Clocks.  OBS  digital-clock  drifts  are  presented  in 

Table  III-5.  All  of  the  drifts  noted  —  with  the  exception  of  station  7  —  are 
vdthin  the  limits  expected  from  past  operations.  As  discussed  previously, 
the  frequency  vs  temperature  characteristics  of  the  oscillator  used  on  station  7 
are  poor;  this  oscillator  should  be  replaced  before  the  clock  is  used  again. 


Table  III-5. 

OBS  DIGITAL- Ci.OCK  DRIFTS 


Station 

Unit 

Clock 

Clock 

Drift’^ 

3 

21 

21 

0.  1  sec 

5 

19 

19 

-1.0  sec 

6 

27 

27 

0. 7  Sec 

7 

30 

30 

min  38.  1  sec 

8 

26 

1 

-0.4  sec 

9 

22 

22 

-1.0  sec 

’*'Time  gained 
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3.  3.  1.  10  Tape  Recorders.  Partial  or  complete  loss  of  data  on  three 

stations  was  a  direct  result  of  tape-recorder  malfunctions.  (Failure  to  engage 
the  pinch  rollers  on  station  10  was  a  human  error  and  has  not  been  included.  ) 
In  two  of  these  cases,  the  difficulty  was  traced  to  poor  tension  in  the  pinch- 
roller  springs.  Postrecovery  unit  inspection  revealed  that  spring  tension  was 
marginal  in  several  other  recorders.  All  recorders  have  been  tagged  for 
spring  replacement  prior  to  any  future  operation. 


3.  3.  2  AUXILIARY  EQUIPMENT.  The  following  paragraphs  discuss 

only  those  items  of  auxiliary  equipment  which  malfunctioned  during  the  opera¬ 
tion  or  which  represent  significant  improvements  over  previous  operations. 
Performance  of  all  other  equipment  was  considered  satisfactory. 


^  Depth  Recorder.  A  malfunction  in  this  unit  was  detected 

after  completion  of  the  bathymetric  survey.  A  component  on  one  of  the  vari¬ 
able -frequ.-ncy  divider  boards  had  failed,  which  resulted  in  a  depth  error  of 
20  percent  on  all  scales  above  the  40-fm  scale.  Although  it  was  impossible 
to  determine  the  exact  time  of  failure,  comparisons  of  bathymetric  charts 
and  data  limited  the  time  of  occurrence  to  the  interval  between  the  last  OBS 
launch  and  start  of  the  bathymetric  survey. 


Time-Code  Generator.  That  the  time- code  generator  per- 
formed  satisfactorily  as  a  secondary  time  standard  has  been  mentioned  pre¬ 
viously.  The  addition  of  this  unit  to  the  OBS  equipment  complement  -  together 
with  the  m.^dification  which  makes  the  digital-clock  output  available  externariy  - 
is  considered  to  be  a  major  improvement.  It  is  now  possible  to  monitor  the 
digital-clock  output  at  any  time  prior  to  launch  and  to  reference  the  digital 
clock  to  WWV  immediately  before  launch  and  immediately  after  recovery.  The 
latter  advantage  permits  calculation  of  clock  drift  essentially  over  the  period 
that  the  unit  is  in  the  water.  Previously,  clock  drift  included  the  drift  occur¬ 
ring  prior  to  launch  which,  due  to  stability  vs  temperature  characteristics  of 
the  oscillator,  is  higher  at  the  higher  temperatures. 
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3.  3.  2,  3  Radio  Direction-Finder.  Each  of  the  unit'’  retrieved  during 

prime  recovery  operations  was  located  by  utilizing  th*.  raflio  direction-finder 
system.  Consisting  of  a  Bendix  ADF  receiver,  an  orthogonal  DF  loop  antenna 
mounted  forward  of  the  bridge,  and  a  TI -developed  matching  unit,  this  system 
was  used  for  the  first  time  during  the  MILROW  experiment.  The  matching  unit 
shifts  the  OBS  beacon  frequencv  (26.67  MHz)  to  3.  33  MHz  which  is  within  the 
normal  tuning  range  of  the  Bendix  ADF  receiver  (200  .vHz  to  4  MHz).  Three 
balanced  mixer  units  are  driven  by  a  common  30-MHz  oscillator  to  translate 
the  frequency  of  the  sense  antenna  signal  and  two  loop  antenna  signals  while 
maintaining  the  original  phase  relationships.  Baiun  transformers  at  the  loop 
antenna  base  convert  the  balanced-loop  outputs  to  single-ended  signals  as  re¬ 
quired  bv  the  mixer  and  permit  the  use  of  standard  coaxial  lead-in  cables 

Equipment  calibration  was  performed  in  Amchitka  harbor;  a  transmitting  OBS 
unit  was  placed  on  the  dock  and  a  DF  bearing  vs  visual  bearing  chart  made 
while  the  SEA  SCOPE  maneuvered  in  the  harbor. 

Performance  of  the  system  exceeded  expectations.  This  is  best  illustrated 
by  the  recovery  operations  on  station  5  which  occurred  at  night;  although  the 
beacon  light  failed  shortly  after  the  unit  surfaced,  the  SEA  SCOPE  was  able 
to  proceed  directly  to  the  exact  unit  location  and  recover  the  sphere. 

3.  3.2.4  Sonar  Recall.  The  sonar- recall  data  have  been  examined  due 

to  the  inordinate  amount  of  time  required  to  recall  some  of  the  units.  Cal¬ 
culations  were  possible  only  ior  those  units  where  the  release  time  could  be 
obtained  from  the  tape  film.  (The  amplifiers  and  tape  recorder  are  shut  off 
at  the  time  of  sonar  release.)  In  performing  these  calculations,  it  was  nec¬ 
essary  to  assume  that  the  beacon  transmitter  started  operating  as  soon  as  the 
unit  surfaced.  The  5-min  digital-clock  drift  was  considered  when  performing 
the  calculations  on  station  7.  Results  of  the  examination  are  shown  in  Table 
Since  the  times  required  to  surface  are  in  good  agreement  with  theo¬ 
retical  calculations  at  shallow  depths,  it  was  possible  to  extrapolate  recall 
me  for  station  9,  unit  22;  ihe  recall  time  was  approximately  45  min- 
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It  is  obvious  from  the  table  that  the  recall  times  at  depths  less  than  1000  fm 
are  excessive;  this  is  attributed  to  two  factors: 

•  Multipath  arrivals  distorting  the  incoming 
sonar  signal  so  that  the  correct  code  is  not 
received  three  times  in  succession 

•  Bottom  area  isonified  by  the  sonar  signal 
is  reduced  substantially  at  shallow  depths 

Unless  present  equipment  and/or  sonar  coding  techniques  are  changed,  it 
does  not  appear  possible  to  improve  this  situation.  Further  discussions  of 
this  problem  are  contained  in  subsectior  3.6. 

3-4  DERIGGING  AND  EQUIPMENT  REFURBISHMENT 

^  SHIP  DERIGGING.  The  SEA  SCOPE  arrived  at  Stearns  Wharf, 

Santa  Barbara,  California,  on  1 1  November  1969;  the  vessel  was  derigged 
during  the  period  12-14  November.  The  operation  was  conducted  in  a  routii  e 
manner,  and  no  major  problems  were  encountered.  No  attempt  was  made  a 
this  time  to  inventory  the  equipment;  all  equipment  was  crated  immediately 
and  shipped  to  Dallas. 

equipment  REFURBISHMENT.  Refurbishment  and  inventory 
efforts  were  initiated  immediately  after  the  equipment  arrived  in  Dallas. 
(Failure  analysis,  discussed  in  subsection  3.4,  was  performed  in  conjunction 
with  refurbishment.)  The  objective  of  these  efforts  was  to  place  all  equipment 
in  good  operating  condition  so  that  a  future  operation  could  be  conducted  with 
a  minimum  of  lead  time. 

All  of  the  OBS  units  were  rotated  through  Anadite  Inc.  for  repair  and  repaint¬ 
ing  of  the  spheres.  (Failure  analysis  on  those  units  which  malfunctioned  was 
completed  before  they  were  rotated.  )  Corrosion  and  paint  damage  was  mini¬ 
mal  on  most  of  the  spheres;  the  units  which  were  dropped  closest  to  Amchitka 
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showed  the  most  signs  of  corrosion.  Spot  grinding  and  alodining  were  suf¬ 
ficient  to  stop  corrosion  on  the  spheres  used  in  the  MILROW  experiment. 
Damage  to  the  spheres  loaned  to  Lamont -Doherty  Geological  Observatory  was 
more  severe,  and  complete  reanodizing  was  required. 


The  equipment  repairs  performed  are  listed  below; 

•  Unit  16  (replaced  four  reactance  amplifier 
boards  and  two  trilevel  amplifier  boards) 

•  Unit  18  (replaced  hydrophone  crystals) 

•  Unit  20  (completely  overhauled  amplifiers; 
repaired  one  seismometer) 

•  Unit  22  (replaced  tape-recorder  drive  motor) 

•  Unit  24  (completely  overhauled  and  repaired 
amplifier  boards  and  release  wires;  realigned 
seismometers;  replaced  hydrophone  crystals) 

•  Unit  25  (repaired  main  wiring  harness  and 
digital  clock) 

•  Unit  27  (replaced  seismometer) 

•  Unit  30  (replaced  seismometer) 

No  major  repairs  to  the  auxiliary  equipm.mt  were  necessary. 

Upon  completion  of  repainting,  maintenance,  and  general  cleaning,  a  thorough 
system  test  was  performed  on  each  unit.  These  tests  were  identical  to  those 
performed  before  the  units  were  shipped  to  the  field.  Test  tapes  were  recorded 
after  the  tests  and  carefully  examined  for  evidence  of  abnormal  operation.  No 
unit  was  prepared  for  storage  until  proper  system  operation  had  been  ascertained. 

The  last  step  prior  to  storing  the  equipment  was  discharging  the  silver  zinc 
batteries.  This  was  accomplished  in  accordance  with  the  manufacturer's  in¬ 
structions  and  should  extend  the  useful  cell  life  by  6  months.  All  equipment 
was  placed  in  storage  at  the  TI  Expressway  Site  on  12-13  February  1970. 
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Coincident  with  the  refurbishment  effort,  a 

complete  inventory  of  all  OBS  equipment  was  performed.  The  objectives  of 
the  inventory  program  were  to 


•  Compile  a  complete  list  of  capital  and  residual 
Items  utilizing  computerized  inventory  techniques 

•  Dispose  of  all  equipment  which  was  no  longer 
useful  to  the  contract,  was  damaged  beyond  re¬ 
pair,  or  would  cost  more  to  repair  than  to  replace* 
this  was  done  through  the  TI  Contracts  department 
in  accordance  with  government  procedures 

•  Package  all  equipment  in  containers  suitable  for 
field  use,  with  subsystems  and  their  spare  parts 
packaged  together 


The  inventory  also  identified  areas  in  which  the  spares  complement  was  de¬ 
ficient.  Additional  spares  were  ordered  as  the  requirement  was  established. 
Certain  items  (e.g.  .  the  beacon-light  assemblies)  have  lead  times  beyond 
completion  of  the  refurbishment  program.  These  items  will  be  added  to  the 
inventory  list  and  properly  stored  when  received. 


Figure  in-9  is  an  example  of  the  Inventory-Control  Reports  generated  by  the 
computer  during  the  MILROW  operation.  These  reports  permit  the  program 
administrator  to  continuously  monitor  the  p-  chase  and  disposition  of  parts 
required  in  field  operations.  Column  headings  are  as  follows: 


•  RP  NO.  and  RP  DATE  -  Number  and  date  of  request 
for  purchase 

•  PO  NO.  and  PO  DATE  _  Number  and  date  of  purchase 
ordv^r 

•  VENDOR  -  Name  of  the  vendor  offering  best  price  and 
delivery 

.  PART  DESCRIPTION  -  Brief  description  of  item  to  be 
purchased 
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•  CNO  -  Charge  number  used  to  designate  items  purchased 
for  particular  phases  of  an  operation 

•  QUANTITY,  COST  EACH,  and  COST  TOTAL  —  Self- 
explanatory 

•  BILL  DATE  —  Date  when  invoice  is  received 

•  DELV  FIELD  —  Date  of  delivery  to  field  crew 

•  LOCAT  NOW  —  Present  location  of  item 

•  CAP  EXP  -  Designates  whether  the  item  is  capital 
or  expendable  equipment 

•  COND  CODE  -  Indicates  whether  the  item  is  new  (Nl) 
or  has  been  returned  for  repair  (01) 

•  INV  NO  —  Inventory  number  which  is  assigned  if  item 
is  a  capital  purchase 

While  compiling  the  OBS  inventory  lists,  full  advantage  was  made  of  past  ex¬ 
perience  in  field  operations.  The  final  inventory  sheets  are  generated  by  an 
RPG  computer  program  developed  specifically  for  OBS-type  operations. 

Complete  inventory  listings  were  distributed  to  those  addresses  indicated  on 
the  DD  Form  1423. 

Refurbishment  and  inventory  efforts  placed  the 
OBS  equipment  in  a  high  state  of  operational  readiness.  At  the  time  of  stor¬ 
age,  equipment  condition  was  such  that  only  routine  testing  and  repair  of  those 
Items  specifically  mentioned  previously  will  be  required  prior  to  shipment  to 
the  field.  New  pinch-roller  springs,  which  are  included  in  the  spares  com¬ 
plement,  can  be  installed  during  unit  checkout.  Lead  time  for  obtaining  a  new 
crystal  oscillator  for  clock  30  is  currenUy  estimated  at  6  to  8  weeks.  The 
spares  complement  is  sufficient  to  conduct  an  operation  similar  in  scope  to 
the  MILROW  experiment.  Useful  life  of  the  silver  zinc  ceUs  should  extend 
until  September  1970  for  the  HR  types  and  until  March  1971  for  the  LR  types. 
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RECOMMENDA  TIONS 


The  MILROW  experiment  wns  only  marginally  successful  from  the  standpoint 
of  field  operations.  As  discussed  in  detail  in  earlier  sections,  10  units  were 
deployed,  and  eight  were  recovered.  Although  this  recovery  percentage  is 
expected,  based  on  previous  OBS  operations,  it  is  felt  that,  with  appropriate 
attention,  this  percentage  could  be  improved. 

More  disappointing  than  the  unit- recovery  percentage  is  the  amount  of  useful 
data  obtained  from  the  eight  units  recovered.  This  performance  is  directly 
attributable  to  two  factors  -  human  error  and  equipment  malfunctions. 

All  aspects  of  the  OBS  field  operation  have  been  subjecied  to  critical  review 
and  analysis.  Resulting  recommendations  are  offered  which  hopefully  will  pro- 
vide  a  basis  for  decisions  regarding  the  use  of  OBS  units  in  future  operations. 

3-  5.  1  PERSONNEL  RECOMMENDATIONS.  The  MILROW  experiment 

was  initiated  after  a  long  period  of  OBS  inactivity.  Due  to  the  lack  of  contin¬ 
uity,  nearly  all  of  the  personnel  involved  in  previous  experiments  had  been 
transferred  to  other  groups  within  Texas  Instruments  and  were  not  i  vailable 
for  MILROW.  Although  a  new  field  team  had  to  be  assembled  on  extremely 
short  notice.  TI  was  able  to  obtain  a  group  of  persons  who  are  highly  qualified 
in  at-sea  operations  to  conduct  the  experiment.  However,  the  time  element 
was  so  short  that  it  was  not  possible  to  train  and  indoctrinate  these  persons 
in  OBS  operations  to  the  degree  desired.  Thus,  it  is  believed  that  the  human 
errors  experienced  were  minimal  under  the  circumstances. 


TI  recommends  that  at  least  2  weeks  of  additional  preparation  time  be 
vided  in  future  operations. 
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3.5.2  EQUIPMENT  RECOMMENDATIONS.  Most  of  the  equipment 

malfunctions  encountered  during'  the  MILROW  operation  were  recurrent.  In¬ 
cluded  in  the  following  recommendations  are  modifications  which  would  elim¬ 
inate  the  causes  of  these  malfunctions. 

3.5.2.  1  Tape  Recorder.  Difficulties  associated  with  the  tape  recorder 

have  historically  contributed  more  heavily  to  the  loss  of  data  than  any  other 
single  subsystem. 

This  unit  was  developed  specifically  for  the  OBS  program  at  a  time  when  no 
commercially  available  equipment  could  fulfill  the  mission  requirements. 
Advances  in  tape-recorder  technology  —  both  in  recording  devices  and  in 
recording  techniques  —  have  been  significant  in  recent  years.  It  is  recom¬ 
mended  that  a  program  be  initiated  to  determine  the  optimum  recording  tech¬ 
nique  for  the  OBS  program  under  existing  state-of-the-art  conditions  and  to 
determine  what  equipment  is  available  which  will  reliably  meet  the  recording 
requirements. 

Replacement  of  the  tape  recorders  would  be  an  expensive  operation.  If  funding 
would  not  permit  replacement,  it  is  considered  essential  that  the  radio  beacon 
transmitter  be  relocated  from  its  present  position  at  the  inside  top  of  the 
sphere.  On  several  occasions,  the  tape-recorder  takeup  reel  has  bound  against 
this  unit  causing  the  tape  to  be  deposited  in  the  bottom  of  the  sphere.  With  a 
minimum  amount  of  time  and  effort,  the  transmitter  could  be  conveniently  re¬ 
located  near  the  bias  oscillator. 

3.  5.2.2  Release  Mechanism.  Redundancy  in  the  release  system  exists 

only  in  that  any  one  of  the  three  devices  can  actuate  the  single  release  mech¬ 
anism.  In  all  cases,  current  must  pass  through  the  external  release  wires 
and  burn  the  fuse  wire  before  release  is  accomplished.  It  is  recommended 
that  a  study  be  performed  to  develop  a  release  system  which  is  truly  redundant. 
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One  possibility  is  a  device  combining  the  hinge  mechanism  presently  used  on 
one  side  of  the  sphere  with  the  release  mechanism  used  on  the  other  side  of 
the  sphere.  This  device  could  then  be  used  on  both  sides,  and  actuation  of 
either  release  mechanism  would  release  thr  unit.  A  second  possibility  is  to 

incorporate  a  separate  explosive  release  which  would  disengage  the  present 
release  mechanism. 

^  Acoustic  Transponder.  During  the  early  phases  of  the  MILROW 

program,  it  was  suggested  that  acoustic  transponders  be  installed  on  the  OBS 
units.  Subsequent  investigation  into  the  possible  applications  of  such  devices 
has  strengthened  the  argument  that  they  be  added  to  the  OBS  subsystem 
complement. 

The  most  simple  and  straightforward  application  of  the  transponder  would  be 
to  determine  the  presence  of  an  OBS  unit  on  the  bottom.  After  repeated  at¬ 
tempts  to  recall  a  unit  are  unsuccessful,  the  question  always  arises  as  to 
whether  or  not  the  unit  surfaced  prematurely  and  drifted  away  undetected. 

Since  there  is  presently  no  way  to  resolve  this  question,  lengthy  periods  are 
spent  attempting  sonar  recall,  and  extensive  search  patterns  are  run  at  the 
clock- release  times.  Interrogation  of  the  transponder  would  elrmiiiate  much 
of  the  guesswork  associated  with  present  recall  procedures  and  could  result 
in  a  significant  reduction  in  operating  costs.  For  example,  the  digital  clocks 
and  backup  clocks  are  usually  programmed  for  release  a  week  to  10  days  after 
sonar  recall  is  attempted.  When  a  unit  does  not  respond  to  sonar  recall,  the 
ship  and  her  crew  must  remain  in  the  operations  area  for  possible  clock  re¬ 
lease.  However,  if  the  unit  did  not  respond  to  sonar  recall  and  could  not  be 

contacted  via  the  transponder,  the  decision  not  to  await  clock  release  could 
logically  be  made. 
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A  second  application  of  the  transponder  would  be  to  more  accurately  determine 
the  unit's  bottom  location.  By  interrogating  the  transponder,  the  ship  could  be 
positioned  directly  over  the  unit  and  a  fix  obtained  at  that  location.  There  is 
presently  no  way  to  determine  how  far  from  the  launch  location  a  unit  drifts 
during  descent  to  the  bottom.  This  knowledge  would  also  be  a  distinct  advan¬ 
tage  during  sonar- recall  operations. 

The  most  advantageous  application  would  be  to  use  the  transponder  to  relay 
subsystem  status  information  from  the  unit  to  the  ship  while  the  unit  is  on  the 
bottom.  Several  passes  over  each  station  could  be  made  during  the  recording 
period  and  the  unit  recalled  at  any  indication  of  equipment  failure.  At  the 
same  time,  a  distinct  improvement  in  timing  accuracy  could  be  realized  by 
having  the  transponder  annotate  the  tape  whenever  it  is  interrogated.  By  ac¬ 
curately  controlling  the  start  of  interrogation  t^'ansmission  aboard  ship  and 
calculating  traveltime  through  the  water,  it  would  be  possible  to  relate  the 
time  of  tape  annotation  to  GCT. 

3.  5.3.4  Sonar  Recall.  As  discussed  in  subsection  3.  4,  the  time  to  ac¬ 

complish  sonar  recall  in  depths  less  than  1000  fm  is  excessive.  If  future  op¬ 
erations  in  shallow  water  are  contemplated,  it  is  suggested  that  the  use  of  an 
omnidirectional  recall  transducer  and  modification  of  the  sonar- recall- coding 
philosophy  be  investiga'^ed.  It  is  believed  that  utilization  of  a  different  coding 
technique  would  decrease  the  required  time  to  recall  and  also  decrease  the 
probability  of  a  unit  being  recalled  by  a  code  other  than  its  own  (e.g.  ,  unit  29, 
station  10). 

3.  5.  2.5  Search  and  Recovery  Equipment.  Search  and  recovery 

operations  could  be  simplified  by  adding  a  radar  reflector  to  the  OBS  unit. 
Failure  of  the  beacon  transmitter  during  daytime  recovery  or  failure  of  the 
beacon  light  during  nighttime  recovery  can  result  in  a  lengthy  search  to  find 
the  unit.  A  radar  reflector  would  provide  an  effective  method  for  locating  the 
unit  if  either  or  both  of  the  present  subsystems  malfunction. 
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3.  5.  2.  6 


Power  Supplies.  At  present,  the  BIOOO  battery  pack  supplies 
power  to  the  radio  beacon  and  to  the  release  mechanism.  If  the  pressure 
switch  on  the  radio  beacon  malfunctions,  the  unit  transmits  during  the  entire 
on- bottom  pe»-iod  or  until  the  battery  voltage  falls  below  tolerance.  In  either 
case,  it  is  unlikely  that  sufficient  power  is  available  to  burn  the  fuse  wire 
during  sonar  recall  or  digital-clock  recall.  (Backup-clock  recall  uses  a 
separate  power  supply.  )  It  is  recommended  that  a  separate  power  supply  be 
provided  for  the  release  mechanism.  This  would  not  necessarily  require  the 
addition  of  more  batteries;  it  may  be  possible  to  reallocate  the  power  distri¬ 
bution  of  existing  batteries  to  meet  this  need. 

^  SUMMARY.  The  preceding  recommendations  can  be  divided 

according  to  complexity  and  amount  of  effort  required.  Relocation  of  the 
beacon  transmitter  and  addition  of  the  acoustic  transponder  in  its  simplest 
form  require  very  little,  if  any,  design  work  and  could  be  accomplished  with 
a  very  modest  effort.  However,  these  modifications  should  be  accomplished 
prior  to  the  next  OBS  deployment  program,  as  opposed  to  making  the  modifi¬ 
cations  during  preparations  for  a  field  operaUon. 

The  other  recommendations  are  such  that  an  engineering  study  is  suggested  to 
determine  the  best  technique  for  achieving  the  desired  results.  The  recom¬ 
mendation  that  a  separate  power  supply  be  provided  for  the  release  mechanism 
has  been  included  in  the  latter  classification,  since  it  is  believed  that  an  exam¬ 
ination  of  the  entire  battery  complement  is  in  order. 
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PRELIMINARY  BULLETIN 

•I 

This  preliminary  bulletin  was  produced  from  data  recorded  by 
four  OBS  units  near  the  Aleutian  island  of  Amchitka  between  26  September  and 
17  October  1969.  Included  are  arrival  times,  phase  types  and  periods,  ground 
displacement,  epicenter- to- station  distances,  and  azimuth.  Events  were  hand- 
associated  with  all  epicenters  located  by  the  USC&GS.  All  of  the  USC&GS 
events  used  were  within  50°  and  had  magnitudes  of  ^  6.  1.  There  were 
approximately  250  earthquakes  including  events  not  reported  by  the  USC&GS 
but  seen  by  a  minimum  of  three  OBS  stations.  ' 

Routine  analysis  was  utilized  using  the  film  seismograms  made 
from  the  field  tapes.  The  phase  data  were  punched  on  cards  and  processed 
through  a  computer  program  to  convert  the  arrival  times  (clock  time)  to 
Greenwich  Civil  Time  (GCT)  and  to  correct  the  times  for  tape-recorder  head 
misalignment  and  clock  drift.  All  phase  data  are  presented  in  chronological 
order,  with  the  hypocenter  data  placed  before  the  first  associated  arrival. 
Figure  A-1  shows  the  bulletin  analysis  flow  chart. 

The  bulletin  data  are  presented  in  two  sections  —  epicenter 
data  and  phase  data.  A  page  from  the  bulletin  is  shown  in  Table  A-1.  The 
phase  data  are  listed  either  as  associated  station  events  or  as  unassociated 
station  events  where  USC&GS  origin  times  were  reported  to  the  nearest 
minute  only. 

1.  USC&GS  Epicenter  Data 

The  first  line  of  the  epicenter  data  contains  date  (GCT),  origin 
time  (GCT),  latitude,  and  longitude.  Depth,  H  (km)  is  found  in  the  second 
line. 
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Table  A-  1 

SAMPLE  PAGE  FROM  PRELIMINARY  BULLETIN 
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Bulletin  Analysis  Flow  Chart 
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2.  Phase  Data 

The  column  heading  appearing  at  the  top  of  each  page  of  the 
bulletin  applies  to  phaso  data.  The  headings  are  defined  as  follows: 

•  DAY  —  day  and  month  on  which  the  arrival  occurred  (GCT); 
they  are  listed  only  when  the  station  designation  changes 
number. 

•  STA  —  station  designation. 

•  PHASE  —  type  of  phase  recorded  at  the  station;  prefixes  are 
defined  as  follows: 

I  preceding  the  phase  type  indicates  an  impulsive  and 
sharply  defined  phase  beginning;  +  (up)  or  -  (down) 
indicates  direction  of  first  motion 

—  E  preceding  the  phase  type  indicates  an  emergent 
phase  motion 

—  I  or  E  alone  indicates  an  unidentified  phase  arrival 

—  Parentheses  enclosing  phase  type  indicate  a  phase 
identification  which  is  suspect 

•  C  —  component  on  which  the  phase  arrival  was  observed 
and  measured;  designated  by 

—  Z  (vertical  seismometer) 

—  X  (first  horizontal  seismometer) 

—  Y  (second  horizontal  seismometer) 

—  P  (pressure  transducer) 

•  TIME  —  Phase  arrival  time  (GCT);  arrival  times  are 
measured  to  nearest  tenth  of  a  second  on  all  components 

•  AMP  —  phase  amplitude  (one-half  peak  to  peak)  in  milli¬ 
microns  or  microns  of  ground  displacement.  Amplitudes 
have  been  corrected  for  instrument  response  and  are  pre¬ 
sented  to  the  nearest  tenth  of  a  unit;  those  presented  in 
microns  are  followed  by  a  p  after  the  tenths  column.  Am¬ 
plitudes  are  measured  from  the  largest  pulse  in  the  first 
few  cycles  when  possible;  those  reported  as  999.  9  in¬ 
dicates  that  the  trice  was  overdriven.  (Amplitude  re¬ 
sponses  of  the  instruments  are  shown  in  Figure  A-2) 
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•  PER  —  period  of  the  phase  in  seconds  measured  from 
the  largest  pulse  in  the  first  few  cycles;  those  with  am¬ 
plitudes  reported  as  999.  9  do  not  contain  period  measure¬ 
ments 

•  DIST  —  distance  from  epicenter  location  to  recording 
station;  all  distances  are  computed  using  geocentric 
coordinates  and  are  reported  to  the  nearest  hundredth 
of  a  degree 

•  AZI  —  epicenter- to- station  azimuth;  all  are  clockwise 
from  north  and  are  reported  to  the  nearest  degree 
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EXPANDED 

SCALE 


INSET  I  -  NEAR-MILROW  HYPOCENTERS  CALCULATED 
WITHOUT  RESIDUAL  CORRECTIONS 

INSET  2-  NEAR-MILROW  HYPOCENTERS  CALCULATED 
USING  MILROW  RESIDUAL  CORRECTIONS  i 


SCALE* 
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INSET  2-  NEAR-MILROW  HYPOCENTERS  CALCl  ' 
USING  MILROW  RESIDUAL  CORRECTIC  sr, 
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The  VELA  Seismological  Center,  upon  request  from  the  Advanced  Research  Pro- 
jec  s  gency  of  the  Department  of  Defense,  participated  in  Project  MILROW  an 
underground  nuclear  plosion  triggered  2  October  1969  at  2206Z  on  Amchitka  Is- 
and  in  the  Aleutian  Cham.  Texas  Instruments  was  selected  to  install,  operate,  and 
analyze  data  from  a  network  of  Ocean-Bo'tom  Seismograph  units  deployed  in  waters 
surrounding  Amchitka  Island  for  a  3-week  period.  The  objectives  of  this  program 
were  to  observe  aftershock  activity  and  to  improve  epicenter  locations  of  such  seis- 

Lm  Ti  ®  site.  The  major  tasks  involved 

m  completing  the  experiment  included  equipment  preparation,  field  operations,  and 

da  a  ““alysis.  This  report  describes  li.c  experiments,  analytical  goals,  and  the  re- 
u  ts  obtained.  Evaluation  of  the  OBS  equipment  and  recommendations  for  improving 
equipment  reliability  are  also  included.  A  crustal  model  was  developed  to  permit  * 
hypocenter  calculations  for  events  in  the  vicinity  of  Amchitka  Island;  250  associated 
events  which  correlated  with  USC&GS  data  were  found.  Hypocent^r-location  refine 

satisfactory  hypocenTe'r 

location,  and  27  of  the  events  occurred  in  the  vicinity  of  ground  zero.  / 
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